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Preface

The US Agency for International Development (AID), through the author-
ity contained in the Foreign Assistance Act of 1961, awarded the University of
Rhode Island a grant to sponsor a workshop on stock assessment for tropical
small-scale fisheries The Fisheries Division of AID, as well as agencies that are
involved in the evaluation of its programs, had expressed the need for such a
workshop

The Fisheries Division organized a small steering committee, consisting of
Philip Roedel, chairman, and Donald Bevan, Elmer Kiehl, Brian Rothschild, Saul
Saila, and Robert Wildman. The role of the steering committee was to draft the
terms of reference for the workshop, to provide guidance, and to formulate final
recommendations from the proceecings A series of background papers and ex-
perience papers combined with active discussions was planned as the basis for
the workshop

The objective, as written in the proposal to AID, was “to encourage
dialogue petween LDC fishery administrators, who must make the most of what-
ever information is available to them, and theoreticians, who can more effec-
tively propose new approaches to assessment if thev are more aware of the prac-
tical problems which inhibit data collection and analysis in the less developsd
countries (LDCs)

John A Gulland, a distinguished name among fishery scientists, who has ar.
interrational reputation in the field of populaiion dynamics and a deep under-
stancing of the real problems faced by developing nations, agreed to participate
in the workshop. The steering committee and URI administrators decided that it
was an opportunity to bestow upon Dr. Gultand an honor he richly deserved, the
award of an honorary degree, which was presented to him on the opening day of
the workshop, September 19, 1979

The tribute by URI President Franic Newman reads as follows:

Your global view together with your pioneering studies in fishery science have made
vou a leader in international etforts to provide more food for the hungry mitlions of this
world As Chief of the Fish Stock tvaluation Branch of the Food and Agriculture Organ-
1zation of the United Nations, you organized the first comprehensive review of the
marine fishery resources of th2 world You have successfully combined your early
mathematics background with your unuerstanding of fish populations to produce
scores of important scientific papers culminating in a highly regarded manual on fish
stock assessment

You have served as a marine resource adviser to developing nations, to the fishing in-
dustry of the developed nations, and to several international organizations and scien-
tific bodies You have participated as lecturer at major universities of the world and
have directed fishery training centers in the third world

Your unique ability to understand and communicate your findings on a host of major
fishery resource problems has gained you worldwide recognition as a leader in fishery
science. It is a privilege to confer upon you the he norary degree of Doctor of Marine
Resource Development
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Report of the Steering Committee

Introduction

The Steering Committee of the International Workshop on Stock Assess-
ment for Tropical Small-Scale Fisheries herein presents an integrated set of rec-
ommendaticns for future research to the Joint Research Committee. These rec-
ommendations are based on the priorities identified by the workshop drafting
committee and discussed and approved by the participants.

At the outset, the committee wishes to make clear that these recommenda-
tions relate to the problems of small-scale fisheries, as differentiated from those
of capital-intensive, commercial, large-scalz fisheries. We recognize that stock
assessment problems exist for the pelagic and demersal fisheries of developing
nations which are worked by modern industrial fleets or by both large and small-
scale fleets. There are also problems of allocation of resources under the new
regimes of extended economic zones {LEZs) which requite the continued atten-
tion of national and international development assistance agencies. The commit-
tee recognizes the valuable work being done in these areas by the Food and
Agriculture Organization (FAQ) and the Development Program (UNDP) of the
United Nations and by other national and regional bodies. Although the
workshcp was concerned with the problems of small-scale fisheries, it is believed
that scine of the approaches suggested in these recommendations will have
utility far beyond trepic-.. small-scale fishery systems

As the developing nations tiin more and more to the sea fo, foed supplies
and export products, expansion of the coastal art'sanal fisheries increases the
threat of resource depietion. Resource assessment is a basic element of sound
management policies which will permit sustained catches of fish at highest possi-
ble levels over time.

Only recently has the role of artisan fisheries and fishermen received atten-
tion. These fisheries sup,..y much of the domest;zally consumed protein in many
of the less developed cuuntires (LDCs). Yet it is true that fishermen often repre-
sent the poorest of the poor in these countries. The problems of stock assessment
within tropical small-scale fisheries are numerous and complex. The number of
species harvested is very high. There are complicated interactions between
species. There are no predictable growing seasons. Many of the tropical ec-
osystems are sensitive to perturbations. Management data collection is hindered
by the numerous remote landing points and by the many diversified gears in
operation. And while development assistance in this sector would appear to be a
significant positive intervention both for the fishermen and for the consumers of
their products, the information vital to management decisions does not exist,
and there is no appropriate set of assessment methodologies. The scientific
capital developed in relation to industrial, temperate, or cold water tisheries
needs considerable adaptation and modification to be relevant and usable in
multispecies tropical fisheries.

We feel that the recommendatiors included here represent the most promis-
ing approach to the development of new methods for stock identification and as-
sessment, catch ard effort measurement, optimal biological and econemic sus-



tainable yield estimation, and overall management of tropical small-scale
fisheries.

Methodology

During the workshop, the participants divided into groups to consider the
various aspects of stock assessment problems. These groups focused on data
collection and analyses, information dissemination, survey techniques, decision
processes, and productivity estimates. Specific topics were identified and de-
veloped for consideration by the workshop as a whole. They were subsequently
drafted and presented to the assembly for discussion and approval The Steering
Committee integrated and categorized these topics. All of these activities are, in
a sense, priority activities, since they were selected from numerous suggested
solutions

Some items are clearly topics for “collaborative research” —i.e., research
that is either basic, applied, or adaptive—and are of sufficient scope to require
multi-institutional involvement. These topics are suggested as candidates for col-
laborative research support programs, since they would benefit from and be
properly pursued under arrangements between the research and development in-
stitutions of the United States and the developing country. Recognizing the par-
ticuiar relevance of these topics to the Joint Research Committee, the Steering
Committee has set priorities for this group

There are research areas which are better pursued in other than a collabo-
rative mode. {nasmuch as they are directed at the samie basic problems and be-
cause they can be carried out simultaneously and benafit the collaborative re-
search, they are termed "'supp~rtive research.”

Activities which had merits recognized by the workshop but which are not
strictly research have been termed “supportive development activities.” Indeed,
the supportive research and development activities w.ll be found to be in some
instances preconditions for the application of research results.

It is the feeling of the Steering Committee that the candidates for collabo-
rative research have merit in ary of a number of other research arrangements,
but that the group would most appropriately be conducted in a collaborative
mode.

The Steering Committee has rated the collaborative research topics on sev-
eral bases. Tiis evaluation relates specifically to the potential of the research it-
self and to the utility of the end products; that is, models, methodolcgies, tech-
niques, etc. The committee examined the following:

1. Payoff. The anticipated benefis to accrue to developing nations given the
success of the research and its implementation in the LDCs. This is a subjective
estimate of the numbers of people, of countries, and of fisheries to which the re-
search is relevant.

2. Transferability of Research Results. How easy or difficult it will be for the
LDC to apply the methodologies developed by the research. it also considers the
degree to which these methodologies can be generalized over environments.

3. Probability of Success. Whether the research is likely to produce usable
results within a reasonable time frame and whether the resultant methodology



being applied will be successful.

4. Implernentaticn Cost. The cost of utilizing the research results in terms of
both labor and capitatl.

5. Technical Support and Scientific Personnel Necessary. The scientific
infrastructure necessary for the prosecution of the research both within the U.S.
and in the LDCs and for the implementation of the research product.

The committee considered other factors in assigning priorities. The duration
of the research was examined as well as the estimated total funding. The commit-
tee was also cognizant of the fact that certain research areas, while having some
relevance to tropical small-scale fisheries problems, have been primarily and/or
are potentially recipients of funding from other sources on the basis of their
general merits rather than on their relation to foreign assistance.

The Steering Committee recognizes the limitations and problems in applying
subjective criteria in ranking the potential of research. However, this method
was helpful in providing the required priorities.

Summary of Recominendations by Activity

I. General

Future appointments to BIFAD, JRC, and JCAD retlect AID’s interest in and
concern for fisheries and aquaculture (Topic 1)

II. Collaborative Research, First Priority (no ranking within priorities)

A. Comparative Studies—Productivity. Developm~nt of methods for
predicting productivity from comparative studie: of environmental
indices (Topic 2a)

B. Comparative Studies—Catch Development of assessment techniques
from comparisons of data from experimental fishing, varying artisanal
gears, areas, and intensities (Topic 2b)

C. Comparative Assessment Models. Evaluations of mathematical
properties and limitations of alternative assessment models, and
testing these in LDCs (Topic 3)

D. Policy and Decision-making Structures. Development and testing
research metnodologies to examine existing policy formulation and
decision-making structure (Topic 4a)

E. Biosocioeconomic Models. Construction, implementation, and
validation of biosocioeconomic models applicable to policy formula-
tion and decision-making (Topic 4b)

1. Collaborative Research, Second Priority

A. Data Analysis Systems. Development of algorithms and computer
techniques for data analysis and transfer of these analysis systems to
developing countries {Topic 5a)

B. Surveys—Direct Census. Research to determine environments where



counting procedures (observation, use of transects) can be stan-
dardized (Topic 6)

C. Surveys— Acoustics. Development and adaptation of acoustic survey
techniques for relative biomass estimation in selected environments
(Topic 7)

IV. Collaborative Research, Third Priority

A. Age and Growth Studies. Further research in microstructure analysis of
tropical fish hard parts (Topic 8)

B. Surveys—Remote Sensing. Photographic, radiometric, and thermal
infrared sensing of environmental phenomena coupled with capture or
direct census surveys (Topic 9)

C. Surveys—Capture. Marking (or tagging), release, and recapture studies
to determine optimum methodo!ogy (Topic 10)

D. Surveys—Eggs and Larvae. Appraisal of spawning biomass by sampling
eggs and larvae (Topic 11)

V. Supportive Research Activities

A. Inventory of Exploited Resources. A compilation of resources exploited
by tropical small-scale fisheries by habitat (T .pic 12)

B. Inventory of Human and Institutional Resources. A compilation of
human and institutional resources in developing countries available
for research in fisheries and aquaculture (Topic 12)

C. Inventory of Ecosystem Response. A compilation of existing materials on
various ecosystem responses to habitat modifications (Topic 12)

D. Inventory of Life Histories A compilation of information on vital
statistics and life histories of major species exploited in tropical smali-
scale fisheries (Topic 12)

E. Surveys—Efiort. The development and evaluation of techniques and
training methods for aerial surveys of fishing effort (Topic 5¢)

VI. Supportive Development Activities

A. Information Dissemination Development of cost-effactive methods for
greater dissemination of scientific information; e.g., liurary materials
(Topic 13)

B. Training—Data. Development of suitable training progbrams for LDC
personnel in data gathering and analysis methods (Topic 5b)

Recommendations by Topic

1. General

Recognizing that the United States Agency for International Development
(AID) through the Title Xil amendment to the Foreign Assistance Act now in-



cludes aquaculture and fisheries researck and development in its terms of
reterence, and further recognizing that the Title X1l program is directed by a
Board of International Food and Agriculture Development (BIFAD) and Joint Re-
search Committee (JRC) as well as a Joint Committee on Agricultural Develop-
ment (JCAD), whose functions are to provide guidance ard advice, the workshop
participants respectfully suggest that the membership in these bodies (BIFAD,
JRC, and !CAD) reflect AID’s interest and concern for fisheries and aquaculture
in future appointments to these bodies.

2. Comparative Studies

Traditional resource assessment procedures which are used in developed,
temperate-zone countries such as the U.S. are aimed at estimating the biomass
of individual stocks of fish which are available for harvest and/or the maximum
quantities which may be harvested from these stocks while maintaining the
resource and achieving the optimum economic and social benefits from it. There
have been very few successful applications of these methods to tropical small-
scale fisheries in the LDCs, given the great variety of species which are harvested
and the general inadequacy of historical fishery statistics and biological informa-
tion which is available. In many cases it is simply not feasible to collect, analyze,
and interpret all the data required by conventional assessment techniques for
species which are regularly harvested in tropical fisheries.

Onre alternative approach is to compare the yields obtained by different
gears and with different fishing intensity in different unit fisheries in order to
form development and management strategies based on the relative degree of re-
source exploitation in a range of situations. A second alternative is to conduct
studies of yields obtained from different unit fisheries and the environmental
features associated with each. This could lead to the developrnent of empirical
models for predicting potential yields from some set of environmental variables.
Such models have been successtully applied to predicting yields from inland
lakes and rivers in North America and Africa. Either approach might best be ap-
plied to species assemblages rather than to individual species.

a. It is recommended that research to develop methods for rapid assessment
of stocks based on comparative studies of environmental indices be initiated.
Such studies should involve a careful review of limnological studies, a careful
description and classification of the environments of tropical small-scale
fisheries in diverse locations, and a careful analysis of independent variables
such as tidal amplitude, substrate composition, wave energy, temperature,
salinity, tidal flushing, bottom topography, etc., in relation to some response
variables; say, fish yields or standing stock estimates based on direct census
techniques. Data wauld first be examined for postulated associations amoiig
variables. Then empirical prediction equations, modeling techniques, or
classification techniques would be applied so that the environments could be
grouped into categories which have relatively similar yields. Confirmation and
refinements of indices and the stock poiential estimates derived therefrom
would require further tests in the field. However, it should be recognized that
this research would involve a diversity of environments as well as a number of
disciplines. Further, it would be logically carried out in two stages: 1) data col-



lection and analysis, and 2) field testing, estimation, and modeling.
The Steering Committee recommends this as Collaborative Research, First
Priority.

b. It is recommended that studies comparing the performance of various
small-scale fishing gear (traps, handlines, longlines, nets) be initiated. Such
studies would be aimed at defining the fishing power of these gears in much the
same way that characteristics relative to the effectiveness of bottom trawls have
been evaluated in temperate-zone fisheries. Gear studies would have several ob-
jectives: 1) to select a standardized reference gear which could be fished in a
uniform fashion in different locations to estimate stock densities directly, 2) to
establish ¢ basis for combining catch per unit effort data obtained from different
gears fishec in the same location, 3) to establish a correction factor which could
be applied to historical catch and effort data to account for changes in gear effi-
ciency. All three alternatives would facilitate the use of catch records for stock
evaluations. Information on the cost-effectiveness of each gear type would also
be useful in optimizing small-scale fishing practices Cear performance studies
will require a carefully programmed series of experimental fishing surveys
aboard a research vessel in a selected tropical developing country.

Once the performance characteristics of different gear types used in
tropical small-scale fisheries are defined, catch and effort data can be assembled
from relatively discrete but otherwise comparable fishing areas which are sub-
ject to gradations of fishing intensity and the data standardized. With such infor-
mation, a relatively simple surplus yield model could be applied to estimating
optimum levels of yield and effort. It should be quite practical to apply this
method to existing data at relatively little cost and obtain results within a year or
two.

Another recommended comparative approach to stock assessment involves
experimental fishing in an area that has not been fished or where fishing is mini-
mal and where there are discrete replicate environments. By fishing such repli-
cate environments with different intensities, an empirical model could be con-
structed which would directly relate yield capacity to effort. In addition, an
experimental fishing program of this kind would provide valuable information
concerning the biological response of fish populations to fishing.

The Steering Committee recommends this as Collaborative Research, First
Priority.

3. Comparative Assessment Models

Fisheries models are attempts to provide quantitative descriptions of
fisheries. The models to date have been used to i.lp interpret data from a fishery
and to test the effect of possible management policies. The conventional models
are quantitative analyses of the assertion that population growth is the sum of re-
cruitment and individual growth minus death. These models range from the sim-
ple logistic modei stating that the rate of population increase is a quadratic func-
tion of stock size to complex, age-structured models. These have recently been
expanded to multispecies versions.

Conventional models require either a fairly extensive historical record of
catch and effort data or comprehensive biometrical data on which to base



growth and mortality rate estimates They also require a number of siriplifying
assumptions, have traditionally been appli=d to single-species populations, and
usually do not account for variations in re.cuitment Their ag plication to the as-
sessment of resources exploited by tropical small-scale fisneries needs to be
cntically evaluated More specifically, the common mathematical properties
and possible imitaticns imposed on the utility of different conventional yield
models in the tropical LOCs should be carefully analyzed

There 15 a cnitical need to design alternative assessment models which are
not subject to the same restrictive data requirements or assumptions, models
which could be applied to existing information or which would require the col-
lection of a minimum amount of new Information Suitable methodologies
should be aralyzed and empirscally tested n selected LDCs  Ideally, these
models wauid be conceptually simple and rapidly applicable to the assessment
of multispecies tropical fisheries, which utilize a vaniety of gear types. As a
result, some loss of precision would be expected New approaches might include
the use ot structural models involving graph theory, network analysis, a
restructunng of stock production models, or a rigorous analysis of size-
frequency data to estimate growth ard mortahty The objective of this work
would be to provide first-approximatio. wolutions to multispecies fishery estima-
tion protlems

The Steering Committee recommends this as Collaborative Research, First
Prionty

4. Policy Formulation and Decision-making

The main purpose of stock assessment is to provide information that will
assist in determu ning the optimal utilization of fisnery resources. However, the
raw output of stock assessment wifl not be directly useful in and of itself; it is
only an input to the decision-making process. To ensure that the data is used to
its best advantage, it is necessary to understand the decision-making process in
w'ich it is used Furthermore, it 15 necessary to provide models to assist the
decision-n:akers in understanding the full implication of their decisions on a
wide range of issues. The main goal of research in this area should be to provide
policy analysis studies of management and development options for small-scale
iiLhenes Research in this area should focus on developing and testing methodol-
ogies to examine existing policy formulation and decision-making structures

Management and development objrctives and the strategies to achieve
them are not determined in a vacuum. The existing political, cultural, and eco-
nomic institutions, as well as the state c f the fish stocks, the extent of current uti-
lization, and the level of harvest and wrocessing technologies, play a very impor-
tant role in determining these objectives. These features vary from country to
country. Therefore, before practical advice on which types of management and
development regunes should be ronsidered and before evatuation of the effects
of these regimes can take place, it will be necessary to understand the
background information.

a Research should be initiated to analyze the process of policy formulation,
tracing the policy process from formulation through implementation in selected
LDCs. This will require the identification of key information inputs in the policy



tormulation and implementation process (e g, yields, income distributions, tech-
nology levels, price structures. cultural attributes, management and develop-
ment objectives). It will also be necessary to explore the full implications of al-
ternative decision-making processes (modes) for use by policy-makers of 1) stock
assescment nformation, and 2] fisheries development and management
strategies. Each should be examined for tisheries that are not exploited, are
lightly exploited, and are heavily exploited

The Steering Committee recommends this as Collaborative Research, First
Priority

b. It is further recommended that resedrch be pursued to construc:, opera-
tionalize, and validate biosocioeconomic models of tisheries that are directly ap-
plicable to the particular nature of the policy formulation and de¢ ision-making
structure of LDCs

A general model should be developed that would be adaptable to various
structures Bioecanomic models f5r fisheries currently exist The research here
wiil necessitate improving ar.a extending them, where necessary, to tit the par-
ticular problems of LDCs—especially to include social and ¢ ultural factors The
challenge will be to make the models aperational, 1e . to define the critical
elements so that they can be fairly easily yneasured Before the modols can be a
useful tool they must be vahdated The models should be capable ot describing
the operation of the tishery within the policy formulaticn and dix son-making
structure and w provide infoarmation on how management and development
strategies will affect such things as the economic effic iency ot the tleet and the
processing sector, the distribution of income {rom the fishery, the size and the
distribution nf enforcement costs, existing social relationships, cultural values,
jobsatisfaction, and other such related items deemed important by the LDC

The Steering Committee recommends this as Collaborative Research, First
Priority

5. Data Collection, Analyses, and Interpretations

The conventional method for analyzing changes in fish stocks has been the
use of catch and effort statistics from the fishery !tisarelatively cheap method,
and if based on a large number nf fishing units, the sample variance may he
small. In tropical small-scale risheries, there may be several problems gathering
and applying catch and effort data scch as those associated with a variety of
gedr, poor communicatiors, d.verse landing sites, and an absence of data
analysis methodologies. The need fo' certain stancardized meinodologies for
data coilection and analysis is recognized

a. The development of suitable algorithms and or computer programs for
routine analyses of fishery data, and the development and transfer of entire data
analysis systems, including both hardware and software to developing nations
through collaberative educational programs involving suitable personnel from
the developing areas at institutions in the United States, =re recommended
lLater, monitoring of the operations of the data analysis systems in the developing
areas is vital until major difficulti=s in routine appiications t.) assessment prob-
lems have been resolved.



The Steering Committee recommends this as Collahorative Research, Sec-
ond Priority

b. In addition, there is a need to train lecal fisheries offi ersin the collection
and analysis of diverse data necessary for effective management decisions To
this end, it 1s reccmmended that a series of local oi regional workshops which
train fishenies officers in such techniques be establ: .I- «d Mirumum data require-
ments include 11 fiological data on age. growth 1.te, weight, or merphological
features associated with sexual maturity; 2) catch-effort data including landings
evaluation, gear types, hours fished, number of fishermen, effects of weather on
effo-y, et 3) mstorical data on changes in fishing patterns over time based
upon interview techniques. 4 social data on ume devoted to fishing, willingness
to organize and cooperate. response to innovations, etc; and 5) economic data
on prices, costs, and earnings

The Steering Committee recommends this as an impaottant Supnortive
Development Activity

¢ Surveys of fishing effort or intensity by aenal reconnaissance ot tisning
areas may orove to be a low -cost sampling technique  Aerial photos can dis-
tinguish small fishing crafts and describe the distribution of fixed gears by show-
ing the nusFors and location of tloats Training films could be developed to
train survey oo i gear-type dentitication An analysis of the benefits and costs
of this method s worthy of investigation

The Steering Committee recommends this as an important Supportive
Research Activity

6 Direct Census Survey Techniques

txcept for some unique situations, such as in the case of anadromous fish
and in some small aquatic environmients, it is not feasible to count all individuals
in a population of fish It should be recognized, however, that precise direct
counts of salmon and other migrating fishes have been made in some .nstances in
large riveripe systems when diurnal and other intluences have been suitably cor-
rected

IUnderwater counting of fishes can be done by searching long narrow strips
(transects) in which it is assumed that all fishes present are counted. It appears
that the strips must be narrow and that the speed of the observer over the area
must be slow The exact values of these parameters—to be used by divers, for
exatnple — are not known Some of the possible research areas for this kind of
work include repeated series of transects in which some of the parameters ar2
varied and systematically studied

Although it may seem somewhat esoteric as a direct census method, 1t
should be recognized that radio-equipped fish have been successfully tracked by
surface vessels and detaiied daily, and other short-term movements have been
successtully recorded The technology for this methodology is already well de-
veloped It remains to determine if or under what conditions it might be cost- ef-
fective for small-scale fisheries assessments

it appears that many of the transect census methods (line transects, belt
transects, strip transects) applied previously to plant, mammal, and avian popu-
lations hold considerable promise for small-scale fisheries assessment. A careful



review of these methodologies, and suitable modifications to permit application
to tropical small-scale fisheries, seem d-ssirable. This could then be followed by a
limited field program in suitable environments and with empirical testing of rele-
vant methodologies

The Steering Committee recommends this as Collaborative Research, Sec-
ond Priority

7 Acoustic Survey Techniques

The application of acoustic techniques for abundance estimation of single-
species pelagic marine fish and multispecies lake fish has been underway for ap-
proximately ten years. As a consequence, there is a wide variety of acoustic
equipment and associated electronic devices available. Tyrically, acoustic
techniques cannot be used to identify species directly Thus, active capture must
supplement acoustic data

In @ multispecies envitonment, acoustic techniques may be used to provide
relative biomass estimates. The potential of this method in the environmental
regimes of tropical small-scale fisheries in coastal areas and noncoastline shelf
areas is considered to be high enough to justify collaborative research eftorts

Success of this research program will require a caretully structured group of
US and LDC Institutions, since acoustic stock estimation techniques involve a
complete integiation of physical and biological factors

The first item ir the program would be an exam;ination of the various trop-
tcal small-scale fisheries to maximize the probability of success of this applica-
tion of acoustic techniques Following this identification of the most likely en-
vironments, axperiments employing minimal equipment sufficient to demon-
strate the feasibility of specific acoustic technigues are suggested Yhese would
be followed by more operational-sized assessments, which would ultimately be
taken over by the developing countries involved in the project.

The Steering Commitiee recommends this as Collaborative Research, Sec-
ond Priority

8 Age and Growth Studies

The need for continued research support to develop further undersianding
of the microstructure of hard parts (otoliths, scales) as a valuable tool in the
critical determination of age and growth in tropical fishes is clear. To this end, a
combined laboratory and field approach to consider various problems in the
interpretation of growth records and the factors influencing them is desirable.
The specific sequence of activities suggested for the project includes: a) a series
of workshops to train technicians in the interpretation and use of the method and
in providing needed instrumentation; b) an international research program to
deal with all phases of the Iife history of fishes, but particularly with the younger
stages (an effort sheuld be made to Integrate resultant age and growth data into
a form applicable to standard stock assessment methodology); and c) the de-
velopment of a manual outlining methods, interpretation, and application of
microstructure analysis.

The Steering Committee recornmends this as Collaborative Research, Third
Priority
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9.Kemote-Sensing Survey Techniques

Remote sensing provides relative measurements of selected environmental
phenomena These data may be used to indicate the probable presence of
various fishes in al! environmental regimes “Remcte sensing” means that the
sensor, and the human instrument, are above the air-water interface The most
readily available instrument sensors are photographic, rediometric, and thernal
infrared tarth-orbiting vehicles or geostationary satellifes may be useful, but
more investigation is required to confirm performance over small areas Remote
sensors are generally most effective when airborne Multispectral photography s
useful to penetrate seawater (nine meters) and for investigating bottom features
coral reefs, benthic flora, and sediment transport Radiometric and thermal
measurements may be useful for examining upwelling. Optimum conditions for
aircraft remote sensing are clear and calm weather Simultaneous observations
of the fish populations of interest and quant.ative direct measurements of
specific environmental parameters are necessary to normalize relative remote-
sensing data

Itis important to recognize the exploratory nature of future research, since
many of the technological tools available for the job are still being improved and
their utility in detecting relativel"  small-scale biological and physical
phenomena necds to - demonstrated This approach also requires reasonably
accurate, short-term estimates of fish population wize in areas where small-scale
fishenes are actively pursued Appropriate methods for obtaining these
estimates need to be developed Once they have been developed, however. the
costs of implementation would not be very high There is sufficient potential in
the use of remote-sensing data for resource assessment of tropical small-scaie
fisheries to warrant further attention

The Steering Committee recommends this as Collabe ‘ative Research, Third
Priority

10. Capture Methods: Marking Studics

It is suggested that the use of tags or marks by mutilating some part of the
body of captured fish and the subsequent recapture of these animals by various
means can provide valuable information for stock assessment in all of the
environments of tropical small-scale fisheries. However, there are a number of
specific problems involved in mark and recapture methods which are not as yet
fully resolved The recovery rate of tagged or marked fish in tropical environ-
ments appears to be quite low on the basis of available evidence. Whether this is
due to differential mortality, differential vulnerability of marked animals, loss of
marks or tags, incoinplete recovery or reporting, significant recruitment into
catchable populations during the time recoveries are made, or some combina-
tion of the above is generally not known. Indeed, detailed studies on the types of
tags or marks most suitable for these environments are still lacking. Research
could be undertaken to resolve some of these questions. For example, & critical
comparison of various available tag types for some of the important tropical
species by suitable holding pen, aquarium, and limited field <tudies seems appro-
priate. Following this initial work, detailed experiments designed io estimate
population size, growth rates, survival rates, and movements of selected species
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in representative environments could be undertaken. The information obtained
from such studies would provide complementary information for other stock
assessmnent technigques which might be examined

The Steering Committee recommends this as Collaborative Research, Third
Priority

11 Eggs and Larvae Surveys

‘These methods have been applied primarily to large fisheries. and the
sampling effort required for successful estimates of spawning biomass s formid-
able Indeed, the use of egg and laivae surveys in small-scale fisherie: might Fest
be applied to the detection and preliminary appraisal of fishery resources rather
than for population dynamics studies Positive aspects of surve,. designed to
estimate spawning biomass include the fact that samples contain not oniy eggs
and larvae but also part of the prey and predators of the eggs and larvae. When
simultaneous measurements of the physical and chemical environment are
made, trends of water movement can be estimated Spatial and temporal 1sola-
tion over wide areas can be detected and can help define unit stock:. Spawning
distributions tell when and where fish will be concentrat=d for etficient capture
Results can be used to monitor changes in species composition Data can be used
to forecast stock size into the next season and the year class strength of a
species. Information on new stocks with commercial potential can also be pro-
vided

Major problems with successful execution of surveys stem from under-
estimation of necessary technical effort and from imprecise survey objectives In
fact, all the factors necessary to estimate spawning biomass from ich-
thyoplanktor surveys are not known for most stocks at present to allow for any
better than a preliminary estimate, and the cost of such surveys is high. The col-
laborative possibilities are numerous, but the costs very probably would be pro-
hibitive

The Steering Committee classifies this as Collaborative Research, Third
Priority

12 inventories fcr Stock Assessment

The need to prepare certain types of inventories of resources in tropical
environments as a ftramework for later coliaborative research projects is
recognized. Such inventories include but are not restricted to: a} an inventory of
fishety resources by habitat for the developing nations with small-scale fisheries;
b) an inventory ot human and insatutional resources present in the developing
countries which would be available for collaborative research; c) an inventory of
the responses of various ecosystems to habitat medification; and d) an inventory
of the vita! statistics and other data (= g, life histcries) of the major fish species
which are a component of small-scals fisheries. The Steering Committee rec-
ognizes the important work being done in this area by regioral and international
bodies, and recommends further encouragement of this Supportive Research
Activity
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13. Information Dissemination

The inadequacy of existing library reference materials and the great value of
timely published reports and information on fishery science and other disciplines
related to stock assessment in many parts of the developing world are rec-
ognized It is therefore recommended that AID and other agencies concerned
with aquatic science in developing areas assist in an analysis of methods for
augmenting the supply and timely dissemination nf suitable materials Some sug-
gestions include initial collaboration with fishery scientists from developing na-
tions to establish the nature of the informat:on requirements, the form of the
library materials required, and the means for cost-effective districution on 4
broad scale The workshop recognized that while this is not collaborative
research, the magnitude ot the problem 15 great and suggests cooperation with
Internatiorai agenc-es such as FAQ and UNESCO in alleviating it

The Steering Committee recommends this important Supportive Develop-
ment Activity
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The Workshop on Stock Assessment in Tropical
Waters: Its Genesis, Rationale, and Objectives

Philip M. Roedei, U.5. Agency for !nternational Development

Genesis

The genesis of this workshop lies in two imitially unconnected <hains of
events concerning technical assistance which came together a year or two age.
One of these chains began in international fisheries circles, the other in U.S.
government circles, and at first the !atter had nothing whatsoever to do with
fisheries.

The fisheries events camc about in part as the result of a shift in emphasis in
FAQ and various other donors from large-scale fisheries development that was
generally capital-intensive to smali-scale, lebor-intensive fisheries projects de-
signed to have a more significant and direct impact on poverty-stricken areas
This shitt was coupled with the impact of zones of extended fisheries jurisdiction
on developed and underaeveloed nations alike, and particularly with the often
expressed needs of the lesser developed for managerial and scientific assistance
in coping with these problems

The broad problem of fisheries development, especially small-scale fisheries
in the LDCs, has, of course, received a ot of attention from fishery scientists and
administrators for years, and there has been a growing emphasis on and interest
in stock assessment for small-scale fisheries in the tropical environment. Recent
work done by the FAO Advisory Committee cf [ xperts on Marine Rescurces Re-
search (ACMRR) is a case in point. There are cther endeavors, some by partici-
pants in this workshop, and their experiences will be of particular value to these
deliberations.

As for the other chain, the workshop is a fourth- or fifth-generation product
of an amendment to the U.S. International Development and Food Assistance
Act of 1975. This amendment added a new section, Title Xii —Famine Prevention
and Freedom {iam Hunger, to the act, which was signed into law on December
20, 1975, as Public Law 94-161. The chief objective of the amendment was to
bring about a substantial expansion of U.S. academic involvement to help solve
food and nutritional problems in the developing world. As originally written,
Title X11 did not mention fisheries, but it was amended to do so before passage.
The pertinent language in the act as passed reads, “The term agriculture shall be
considered to include aquaculture and fisheries,” and, “The term farmers shall
be considered to include fishermen.”

Title X1 estabiished a Board of International Food and Agriculture Develop-
ment (BIFAD), ard one of its tasks was to give AID guidance with respect to the
use of research funds, particularly for collaborative efforts involving joint opera-
tions by certain U.S. universities and by appropriate research institutes in the
developing world. On the U.S. side, all Land Grant and Sea Grant universities are
included, and there are provisions «nder which others can participate. There was



established as well a Joint Research Committee {JRC) with the fenction of advis-
ing GIFAD and A:D on appropriate fields for collaborative research. *

In 1975, AID decided, quite independently of Title X!, to revive its virtually
dormant fisheries precgram {Roedel, 1976), and fisheries was well enough re-
established in the agency to get the attention of the JRC when it was casting
about for suitable sectors to consider for collaborative research support pro-
grams (CRSPs). AID had continued ‘ts support of URI in fisheries during the “dry
years,” fiom abcut 1970 to 1975; this was the agency’s only significant non-
aquaculture fisheries greject durmg that t:me

“Fisheries and aquaculturc” was designated a high-priority area by the JRC,
and a California firm, Resources Develocpment Asscciates (RCA), was contracted
late in 1977 ““to coordinate an initial review and analysis of LDC problem areas,
inventory research capabilities and interests of United States universities, iden-
tify LDC institutions with current or potertial capability to participate in collub-
orative researcn support programs (CRSPs), outline suggested research pro-
grams, develop funding estimates and a priority plan for accomplishment ** The
final report, from which the foregoing is quoted, was issued in August 1978 (Craib
and Ketler, 1578) It is this report, with its identification of stock assessment as a
key research area, that is directly responsible for the organization of this work-
shop It is the jatest product of the interaction of a global interest in tropical
smail-scale fisheries and A1D’s interest in collaborative research

The Steering Committee recommends this as an important Supportive
Kesearch Activity

Rationale

Given the background reciced above, why the decision on tlie part of AID to
go ahead with fisheries stock asseswsment as a potential subject for collaborative
research? Are there not sectors other than fisheries with greater claim on AID's
tunds, and within fisheries are there pot researchable areas of greater
significance and potential payoff than stock assessment?

*The pertinent section from the first BIFAD Renort (1977) reads

The Joint Research Committee was instructed by the BIFAD to give initial priority to the
development and implementation of the new collaborative research program authorized
by Tutle X1t Conceptually, this program rests on the facts that (a) there exist a number of
agricultural and related problems which are common to the United States, other de-
veloped countries and the developing countries and (b) collaborative research involving
US universities investigating such problems and, as appropriate, research institutions in
he developing countnes, other more developed countnies and the international agi-
cultural research centers would result m the discovery of knowledge and information ot
great benefit to both the United States and the developing nations

The JRC has worked intensively on the conceptualization, elaboration and implemen-
tation of this new program It constructed a working model for the program to be known
as the Collaborative Research Support Program (CRSPs) The guidelines have been ac-
cepted and approved by both the BIFAD and AID
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The question regarding fisheries vis-a-vis other sectors was decided in
general terms prior tc the RDA study, and it seemed to reflect a growing aware-
ness on the part of the Congress and the Executive Branch of the useful role
fisheries might play in foreign assistance The answer to the second question lies
in the RDA report’s empharis on the views of the developing countries, some 20
of which were visited during the course of the study. RDA’s charter was basically
to identity problems with soluticns which would benefit small-scale fishermen
and fish culturists and which inight be attamed through collaborative research
support programs

The RDA repaort hsts stock assessiment as the top-prionty subject for the
fisheries people m the nations visited !t says, “The most frequently expressed
and highest prionity need was for assistance in the general area of capture
fishenes stock and resource assessment. followed by fresh, /brackish water
aquaculture and fisheries administration/management’” (page 12)

A prionty problem area in this sense does not pecessarily have as high a
ruting when analyzed as a candisate for collaborative research Thus, stock and
resource dssessment as a topic for collaborative research received a relative
prionty of “lass 2 because many of the perceived needs were for training and
direct technical assistance rather than for research per se. “Principles and
mechanisms of pond culture” was the only subject in relative prionty 1, and it
has already been selected to be the subject of a CRSP. Whether stock assessment
will become an additional subject rests in large degree on the recommendations
of this workshop

Observations made by the author during the RDA study ot African nations,
including Guinea Bissau, Ivory Coast, Ghana, Kenya, and Sudan, bore out and
contributed to RDA’s identification of stock assessment and population
dynamics methodologies appropriate to small-scale fisheries in the developing
world as a high-prionty research topic. Comments were frequently made to the
effect that, whatever the country, 1t had been studied to death and 1t was high
time something practical was done There is enough truth in this for it to be kept
in mind a: needs for more research are considered

The RDA report, which 1s the most pertinent background document for this
workshop, has this to say regarding research needs generally:

One of the most critical needs expressed by the LDCs engaged in capture fisheries
was for assessment of their fisheries resources Although these countries are generally
aware of the extent and composition of their fisheries, there is a need for more precise
and accurate information regarding the identificztion of the fish stocks, the numbers of
species involved, the'r distnbution in time and space and population dynamics

Within the field of stock assessment, research is required in the following areas:

e development of rapid, simple methuds of assessment to be used either initially or as
a means of monitoring the status of stocks under the impact of fishing;

e development of methods for assessment of multi-species fisheries (e g, in the Gulf
of Thailand a single trawl hau! may include 50 or more species of a total of about 200
demersal species which may enter the catch Many inland lake fishenies are similarly
concerned with a large assemblage of species),

¢ development of methods to assess stocks which do not lend themselves tc trawl
surveys (e g., those coral reefs or nook-and-line fisheries),

» development of stock a»sessment techniques for use in large rivers (particularly im-
portant in Africa and South Americaj;
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e development of methods to define the biological potertial of inland wadter, using
environmental parameters
In addition to needs for resource swock assessment, the development of suitable
techmiques for obtaining basic catch data was given high priority by the LDCs While a
few of these countnies compile catch and effort statistics, the greater majority do not,
usuaily because they lack the necessary snfrastructures or t- ined personnel or both A
very basic need exists for unsophisticated techniques w: .nethods 10 obtain basic catch
statistics as applicable 1) small-scale fisheries Accurate fisheries data 1s essential to
the LDC: if they are to imnlement effective management and control of their fishenes
[pages 60-61)
Inits discussion of topics for collaborative research, the RDA report goes on
to say

The ultimate objective ot this research subject s to develop methods for assessing
the condition of the fishery resources and the effects of fishing on st This 5 a funda-
mental area of research which 1s a necessary prerequisite to the solution of nearly every
other proolem of capture tisheries It 15 essential to know what stock are present, in
what quantity, what s being caught and whether or not the catch s commensurate with
the stock available

Effective methods for doing this in LDCs do not now exist or are not directly ap-
plicable Torestrict the scope to manageabie proportions, it might be necessary to con-
fine the effort to a few species wh:ch are common to the LDCs of major interest

The research area which needs to be addressed consists of four related subsets or
projects

1 Stock Assessment Methods This involves the development of means for identify-
ing stock, determining quantities, and migratory - bits, and may include natural mor-
tality rates, growth rates, reproductive potential and other charactenstics useful in
analyzing and evaluating the potential of the fishery

2 Catch and Effort Statistics Methods for estimating the randings and fishing effort
which can be applied to L DC conditions and artisanal fishermen have to be devised

3 Determination of the Effects of Fishing on the Resource This concerns the
development of techniques for evaluating the impact of fishing efforts on the condition
of the fishery

4 Determination of Sustainable Yield Methods suitable to LDC application need to
be developed which will provide a basss for management of the fishery [pages 99-100}

The RDA report was received by the JRC, which appointed a Fisheries and
Aquacuiture Task Force to analyze it and make recommendations for a course of
action. In its December 27, 1978, report to the chairman of JRC, the task force
said, in part:

The Task Force you appointed on Fisheries and Aquaculture to recommend follow-up
to the RDA report has met four times and presented renorts at three IRC meetings for
discussion We have proposed three activities in this area io help develop a col-
laborative research prograrmn

1. Fishery Stock Assessment

More simplified methodologies are needed to enable LDCs to evaluate their resource
base, particularly in response to the new 200-mile Extended furisdiction Zone. Current
techniques used in the U.S. are time consuming and expensive. Perhaps more ap-
propriate technologies exist on the shelf or could be developed

We propose that a workshop be convened on this topic which would include approxi-
mately twelve to fifteen U.S. and six to twelve foreign participants. Background papers
and literature reviews could be prepared in advance.
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The group would address the development of new, or modification of existing, tech-
nology for identifying and assessing coastal fish stocks which can be harvested by
fishermen in developing countries These methods should provide a basis for increased
harvest of existing wild populations of both freshwater and marine fish and shelifish,
while at the same time accumulating baseline information for mandgement and the
development of a system for matntaining a sustainable harvest Significant modifica-
tion of techniques developed for U S domestic needs and some new research tor this
specific need will be required

The RDA report and the subsequent recommendation of the JIRC task force
stimulated the Universitv of Rhode Island to submit a proposal to AID for a
workshop on stock assessment for tropical artisanal fisheries The JRC endorsed
the concept at its Apnil 1979 meeting and gave its tacit approval to UR! as the
logical institution to sponsor tne workshop

Objectives

This workshop represents the agency’s response to the constantly recurring
theme in the RDA report that a major requirement in the developing world is for
resource assessment methodclogies that can be applied to tropical small-scale
fisheries. These nations need to answer fundamental questions about fisheries
management such as: What is the nature and extent of each nation’s living
aquatic resources? Are some or all of the resources peculiar to a given nation or
are they common to several? Do they range beyond zones of extended fisheries
jurisdiction? What is their species composition, their sustainable yield, their op-
timum yield? What is the current rate of exploitat.on and how does it relate to
biological and economic potentials and limits?

The agency recognized that the good methodologies available for assess-
ment of large-scale fisheries—e g, the trawl fisheries of the Northern Hemi-
sphere, the tuna fishery of the eastern tropical Pacific—are not suitable for
direct transfer to artisanal tropical operations where the fisheries are usually
based on a multiplicity of species and are prosecuted by large fleets of small
craft uperating out of a number of shore bases

What is needed is a workable system or systems that developing countries
can either apply with their existing scientific complements or, barring the exis-
tence of such complements, train people to apply within a reasonable time. This
may at first be nothing more than a quick and dirty means of getting first approx-
imations of population size and dynamics, based upon data of at least some sta-
tistical validity The methodologies may be simple adaptations of existing tech-
niques or they may represent totally new concepts

The workshop, in essence, is being asked to address these questions-

® What do the developing countries need to know, and how do they get the
information required, to harvest and manage the living aquatic resources
available to them at an optimal level?

® What studies can be instituted within the framework of collaborative re-
search in Title X!l to help these nations carry o.t their management responsibili-
ties with particular respect to small-scale fisheries in both salt water and fresh?

The workshop should use the term “stock assessment” broadly to include in-
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ter alia the identification and delineation of species and stocks, the measure-
ment of stock abundance, the determination of the effects of fishing in multi-
species fisheries, the collection of biological and economic intormation neces-
sary for wise marnagement, and the analysis and interpretation ot the dats to per-
mit formulation ot management plans

The agency expects the group to explore and emphasize the innovative 1in
considering

e new methods tor stock identification, stock delineation, and determina-
tion of stock size,

e development of new methods for measurement of catch and catch per
unit eftort,

e new methods for determination of maximum biologicaliv sustainable
vields:

e new methods for translation of maximum sustainable vields to optimum
yields; and

o use ol new technologies in formulating management procedures

The workshop in reaching its conclusions must take due regard ot

e pertinent activities under way or under consideration i other bodies.

e the amount of information that s really necessary,

e the costs of increasing accuracy, remembermg that the pertect solution is
useless if one cannot affora to applv it.

e the energy demands ot alternaive courses ot action,

o three questions posed in the draft report of the ACMRR committee that
met in December 1978 1 Are the administrators” concern for information ade-
quately communicated to scientists and technicians? 2. Does the information
produced by scientists match the needs of the administrators? 3. 1s the science
that 1s required for decision-making produced on a reasonably cost-effective
basis?

o the mores and the economics of the fishing societies which are atfected,

e the absorptive capacity for new programs in U.S universities and in
developing countries — are there people to do the job!?

o the short-, medium- and long-term prognosis for any research programs
proposed, and educated estimates of their cost

In summary, the agency expects the workshop to do the following:

e Primarily, define and describe the principal problems facing the develop-
ing world in obtaining, analyzing, and applying the basic data needed for stock
assessment; and delineate specific topics for collaborative research in the con-
text of Title X!l which would have the best chance of providing the LDCs with
stock assessment methodologies suitable to their needs;

e Secondarily, identify problems requiring research in other than a collab-
orative mode for their resolution; and note problems not requiring research for
their resolution that are identified during the course of the workshop;

e Finally, recommend a course of action to AID and BIFAD regarding
collaborative research on stock assessment; and make any appropriate
recommendations concerning AlD’s course of action regarding stock assessment
in other than a mode of collaborative research.
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This is a large order, but one with which the group participating in this
workshop is well prepared to cope. Its collective wisdom can have a lasting im-
pact on programs of technical assistance in fisheries, whether sponsored by the
United States or by others. AID awaits its advice and counsel.
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Keynote Address

Arporna Sribhibhadh, Deputy Minister of Agriculture, Thailand

The economic and social development of the rural fishing and agricultural
sectors has become a major concern ot most developing countries in recent
years. This concern is shared by many donor countries and international agen-
cies, and they are ready to assist in national efforts to raise the living stancards
of rural populations. Until recently, however, mosi evelopment programs in the
fisheries sector have focused more on industrial level activities, with sizable in-
vestments going to oftshore fishing boats, harbors, cold-storage installations,
marketing natworks, and training facilities. Industiial development is relatively
straightforward, since its goal, increased production, gives reasonable return on
investment and can be more clearly definad than can those of rural development
projects. The development process in the small-scale fisheries sector is infinitely
more complex as a result of social and cultural considerations.

Until recent years, the small-scale fishermen enjoyed a rather idyltic exist-
ence. Virtually all their economic needs were met very simply by bartering sur-
plus fish catch for the basic staoles they found necessary for life. They wer~.
adept at the skills of their tiade, such as boatbuilding, fishing gear repairs, and
traditional methods of fish preservation. They had no competition in their exploi-
tation of abundant fisheries resources. The social services that their urban
cousins needed they neither required nor desired Their simple life-style had re-
mained unchanged for generations

During the past two decades, however, this scenario has fast disappeared.
Urban population growth has accelerated rapidly, necessitating that large
quantities of food stocks including fishery products be transported to urban
markets daily To meet these demards, large conunercial fisheries have been
developed, which in many instances compete with srnall-scale fishing operations
for the same resources. Fish buyers have established themselves as the only
marketing outlet for small-scale fishermen and have replaced the barter system
with cash purchases [n an effort to compete for the resources, the small-scale
fishermen have had to adopt more sophisticated catching techniques which re-
quire capital investment in boat motors and fishing gear. Moreover, basic social
services and modern living comforts are becoming available in many rural fishing
communities. In other words, the small-scale fishermen ia their communities
have been caught in the plight of progress.

It is generally recognized at present that the small-scale fishermen and their
communities are at the bottom of the socioeconornic ladder in most countries.
An acute need to improve their standard of living and quality of life is expressed
and discussed in many meetings concerned with fishery development nrograms
around the world. Although everyone agrees that it is desirable to give assistance
to this sector and to raise their living standards, little actual assistance has been
evident and verv few of such programs are successfully applied and achieve their
stated goais.

In the Southeast Asian countries that border the Bay of Bengal and the
South China Sea, where some small-scale fisheries development projects have
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been implemented, there are an estimated } million fishermen and their depend-
ents, about 15 million people in all, who depend mainly upon fisheries for their
livelihood While this large number of fishermen live at subsisterce levels, their
total production of fish is very considerabie and their contribution to society is
of great significance. Neverthe less their per capita production s much less than
it could be This low production results in reduced income to fishermen The
situation is further aggravated by post-harvest losses due to inefficient handling
of catch on board, and inadequate processing, preservation, storage, distribu-
tion, transport, and communications facilities All these result in avoidable loss
of ammal protein food, which is in short supply in these countries

In spite of several measures already introduced by governments in the
fegion to improve the social and economic conditions of the small-scale
tishermen, in some areas and in varyimg degrees they still suffer from low levels
of real income, indebtedness, substanrard housing, malnutrition, and poor
health. In many cases, this situation is also attributable to a combination of eco-
nomic and technological considerations such as the remoteness of many rural
villages, the lack of basic infrastructure fac ilities, the lack of alternative employ-
ment, the unavailability of credit, and in most cases the conplete lack of base
line data upon which estimates of fishery resource potential can be based Al-
though the conditions characterizing the small-scale fisheries vary trom country
to country in degree and emphasis, they are largely similar throughout the area,
and thus the problems and constraints of their development programs are also
similar

Dr Roedel mentioned earlier that assistance in the general area of fish stock
and resource assessment was identified as the highest priority need of the de-
veloping countries This is troe in the context of fishery development and man-
agement, but other priority needs prevail when the overall scheme to better the
livelihood of the small-scale fisherman is considered Fxperience gained from
some small-scale fishery development projects in Southeast Asia indicates
clearly that projects “based more on optimism than on realism are doomed to
failure,” because of the simple fact that in some areas there are not enough fish
to develop a better fishery On the other hand, how successful have our stock as-
sessments been in connection with small-scale fishery development? In my opin-
10N, we are yet to succeed

The nature of the subsistence fishery and fish stocks in the coastal tropical
waters in which these fishermen operate make it very difficult, if not impossible,
to obtain the conventionaily required information on captures as well as effort
by traditional means The initial failure is due to the lack of appropriate data and
methodology at all levels Atternpts to estimate even the preliminary standing
stocks have not succeeded, resulting in a tosal absance of guidelines for
conservation measures in most national policies fer ‘lishery developmenrt.
Perhaps one can search for and try some unconventional and untraditional alter-
natives. On the other hand, lack of stock assessment in many areas has proved to
be no obstacle for development in fisheries My region is a case in point. The
scic sts and administrators there are drifting farther apart. The scientists seem
not able to convince the administrators of the vital role that stock assessment
plays in the essential understanding of the rational development of fisheries. The
answer is that the estimates and the degree of expectation of the administrators
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are both high enough to counter the scientists’ requests for increased allocation
in terms of manpower and budget for an effective assessmenc program.
Moreover ample evidence shows that the weaknass in analysis is due to the lack
of objectively designed programs and the cost-eftectiveness of information re-
quired, as well as the difficuity in obisining cooperative informants among the
rural fishermen The proposed stock assessment programs presented to the ad-
ministrators are alsc, in most cases, unacceptable in terms of the time frame
needed. A post-mortem analysis of the status of fish stocks and fisheries is un-
productive, as the recommendations for management are usually not adopted
The usually prevailing mode is to move development forward even though donor
institutions or countries would require having such information on resources for
their feasibility evaluations

What are the original sources of the communications gap that presently ex-
ists? In general, the administrators, in accordance with their nationa! policy, aim
to expand fish production and incre - the productivity of thewr fisheries with the
reduction of cost per kilo of fish inve: -od The planning scientists must not fail to
relate these objectives to the activities of the administrators, since they cannot
afford to separate themselves from such requiremenis. Furthermore, all the cap-
ture fisheries are at a disadvantage when compared to agricultural sectors such
as crops, livestock, and forestry funded at a comparable level Fishery scientists
must be able to compete for support in their development programs. The above
observations are not intended to rule out coastal stock assessments On the con-
trary, it is obvious that practical and effective solutions to the problems and con-
straints facing developing countries, such as obtaining, analyzing, and applying
the basic data needed for stock assessments, must be found if rational develop-
ment oi small-scale fisheries is to be effective. A means of bridging the communi-
cations gap between scientists and administrators must also be realized in order
to put stock assessment in fishery development and management in a proper per-
spective vis-a-vis other agricultural sectors The search for these solutions should
be based on the essential understanding that fishery development is but one
aspect in the overall development of the rural small-scale tishing community It
involves biological as well as economic considerations in the exploitation of the
fish stocks concerned. Development of the rural fishing community necessarily
consists of many aspects: social, cultural, and political, as well as biological.

The concern of fishery scientists should not be limited to fish stocks. They
must be constantly aware and not lose sight of the eventual goal, which is to see
that these small-scale fishermen and their families gain a better liv elihood and
that they are able to live with dignity and without hunger.
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Stock Assessment in Tropical Fisheries: Past and
Present Practices in Developing Countries

John A Gulland, Food and Agriculture Organization of the United
Nations

Introduction

Stock assessment has been perceived by many developing countries as one
of their priority needs. In setting this priority, the emphasis has been on the out-
put from stock assessment studies as they are used in making decisions concern-
ing the management—and, more particularly, the rational development—of
their small-scale fisheries. The actual detailed processes of stock assessment, as
generally understood by fishery scientists, especially those in the academic com-
munities of both the developing and developed worlds—i.e, calculation of
growth patterns, mortality rates of different species of fish, etc.—are in them-
selves of rather less priority except in so far as they are an essentiai part of the
production of advice to policy makers

In discussing past and present practices, it is theretore cenvenient to dis-
tinguish four stages in the provision of advice: the collection of basic statistical
and similar data, biological studies (growth or migration, tor example), stock
assessment sensu striciu (that is, evaluation of yvield curves, sustainable yields,
etc.); and the provision of advice to the policy makers, such as investment plan-

ners

Statistics

Collection of statistics from scattered small-scale fisheries is not easy. In
meny cases, the procedures used are similar to those used in industrial fish-
eries —a flow of information, purporting to represent the total catch, on a daily
or weekly basis, from small landing places to provincial centers and so on to the
central authority, which subsecuently arrives at a figure for the annual catches
of the country. This system is recognized to be far from reliable. Most sources of
error—false reporting to avoid the attention of the tax authorities, onission of
many catches because they do not pass through even the smallest of formal land-
ing places or fish markets—will result in an underestimate of the total catch To
correct for this, some authorities, as in the Philippines in respect to the so-called
municipal fisheries (from vessels of under 3 gross tons), use a factor deduced
from a review of the likely sources of error to multiply the number obtained to
arrive at a more reasonable figure.

Apart from being unreliable, this approach is also expensive. An alternative
is to use sampling procedures (Bazigos, 1974). This requires first a careful frame
survey (which needs to be repeated at intervals) to obtain a complete enumera-
tion of all the landing places. These are then sampled, usually through stratified
and multistage sampling processes, so that only a small proportion of the total is
actually recorded. This is used in India, and has also been introduced, with FAO
assistance, to a number of African and South American inland fisheries. It does
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require careful planning and proper training and supervisinn of the staff in-
volved, but with these provisos can provide good results. Further, provided the
work is properly carried out, it is possible to determine confidence limits within
which the true values—say, of the total catch—probably lie. This is valuable,
because for most purposes quite rough estimates, possibly within £ 10 percent,
are quite adequate, but it is seldom known whether the figures available in the
usuai official statistics are as clase as this to the real figure

Little attention s paid in geaeral to the collection of effort statistics in the
conventional stock assessment sense Records, usually on an annual basis, often
consist of the numbers of fishermen and the number of vessels (powered or un-
powered, classed according (o type of gear used). This information is collected
at the local level and normally summarized using the same channels as the catch
data While not the most useful information on fishing effort, in many small-
scale fisheries in the developing world the fishing practices (type and size of gear
used, amount of fishing dore per year) do not in general change much from year
to vear There are exceptions; for example, in river and river-floodplain fisheries
the effort is largely governed by water level and the aoility of fishermen to cope
with high water levels. Thus, with few exceptions, the catch per fisherman, or
similar simple index, can be used as a satisfactory index of year-to-year changes
in stock abundance, at least within the range of operations of the fishermen
Changes in availability—e g , the extent to which the fish migrate inshore —may
mean, however, that the local ubundance may bear quite a variable relation to
the abundance of the stock as a whole

Biological Research

This has generally been patterned on biological research in developed coun-
tries Indeed, in many countries, notably in Africa, most of the research in the
past has been carried out by expatriate staff, who have tended tc have a back-
ground of academic scientific training in marine or freshwater biology rather
than in fisheries per se. Similarly, much of the graduate or post-graduate training
received by local scientists outside their country {and many countries do not yet
have adequate facilities within the country) has tended to be in “pure” science —
for example, in fish biology rather than in fishery biology.

There have been notable exceptions and the situation is improving.
Nevertheless, the work in fish biofogy, both marine and fresh water, in develop-
ing countries has not on the whole been closely directed to obtaining the sort of
information 1equired for stock ausessment purposes. This seems to be particu-
larly true in some of the countries that have large research staffs engaged in
fisheries problems; in such countries there may be an impressive bulk of informa-
tion and scientific publications on classical aspects of the biology of numerous
fish species (not always those of major economic importance), but not much that
can be immediately used to help advise the authorities as to whether or not
catches can be increased.

One problem is that it is not clear what biological information is required to
assess the multispecies stocks of tropical waters. Certainly to follow for each
species the classical procedures adopted for the major species (cod, salmon,
etc.) of temperate waters —to estimate growth, mortality, etc. —would be hope-
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lessly time-consuming and prohibitively expensive if applied to all species, even
if this were not in many cases impracticable because of the difficulty of telling
the age of most tropical species. Some analytical, specific work of this kind is
needed to urderstand and quantify the population characteristics an1 biomass
turnover of tropical finfish or other species groups still poorly investigated even
in higher latitudes (cephalopods, penaeids, shellfishes, etc )

The problem of what data should be collected and whet lines of study pur-
sued is discussed further in the next section It may be noted here that two possi-
ble approaches to assessing the stocks are: 1) the estimation of the general level
of biological production {and hence of the proportion that could be available for
regular sustained harvest), and 2) the establishment of some relation between
the amount of fishing and certain characteristics of the stocks

The first could demand a variety of different types of observation, ranging
friom the physical and chemical characteristics of the water body, through exami-
nation of the phytoplankton (and other plants in tresh waters) and zcoplankton,
to the detailed biology of the fish themselves. The second approach traditionally
involves locking at either catch per unit effort (or some other measure of abun-
dance) or the size or length composition data, and hence deriving some measure
of total mortality In addition, in the multispecies situations typical of most
tropical fisheries, including those of interest to sraall-scale f sheries, monitoring
of the species composition (as far as possible of the stock rather than of the
catches) is likely to be valuable

Stock Assessment and the Provision of Advice

These two stages can well be treated together at present. The level of both
activities in most areas has been relatively low, and the lack of pregress in one
field discourages activity in the other. Because there is no good assessment of
the state of the fisheries and of the possibilities for increasing catches, fishery ad-
ministrators charged with developing national policy toward small-scale fisheries
are not in the habit of turning to biologists for advice (The fact that fishery ad-
ministrators in developing countries are now placing high priority on stock
assessment work, as shown by the arrangements for the present workshop, does
not mean that they have been using stock assessment data or that they know
where to get such advice.) Conversely, because until very recently there has been
little clear demand for or use of stock assessment data, scientists have not paid
much aitention to carrying out assessments.

Fishery scientists have not been encouraged to pay more attention to mak-
ing assessments by the typical career structure of the discipline. As elsewhere,
success in developing countries within the scientific community largely depends
on published papers. Stock assessment, except where there is a long series of
detailed data—which is the case in few, if any, small-scale fisheries—does not
lend itself to scientific papers of the traditional kind. Most assessments—and,
still more, the advice coming from them concerning tropical small-scale fish-
eries—will normally be = series of “’best guesses” and attempts at a balance of
probabilities. These, if phrased properly, can be extremely useful to policy
makers, but they are not the stuff on which scientific reputations are normally
built.
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Anotker problem is that, even when a formal research institute exists, it will
be small in developing countries. This means that each individual scientist has to
handle many research topics, as well as administrative tasks, and has little time
to work on any ore problem for an adequate time

Here it is worth noting the past practice of stock assessment in developed
countries. The factors mentioned in the previous paragraph, which act against
the involvement of scientiscs in stock assessment studies, used to be equally ap-
plicable in these countries Apart from a number of original studies of a few in-
dividual stocks (notably. Beverton and Holt's study of North ea plaice), set out
as much to demonstrate the new methodologies as to provide current advice on
the state of the fisheries, stock assessment as part of national programs tended to
be neglected Two things have changed this. First, the need “or the growing num-
ber of regional commissions to have up-to-date advice available at their annual
meetings provided a great spur (o assessient activity, whether by the commis-
sion staff itself (1-ATTC, fcr instance) or by national scientists whose activities
were coordinated by a commission (JCNAF. ICCAT, etc.). Even though it is only
recently —and then to a large extent as a result of the extension of jurisdiction
which took most of the management responsibilities away from the commis-
sions—that these assessments were used to implement effective management
measures, the results of the assessment studies themselves have been of a high
quality, and should be a cause nf satisfaction to those responsible for setting up
and running these bodies.

The other impetus for increased assessment work has been the growing
requirement at the national level for explicit statements concerning fishery re-
sources as part of the development of national management plans These often
arise (the United States Fishery Conservation and Management Act is a good ex-
ample) as a result of the changes in jurisdiction resulting from the new law of the
sea.

The first of these factors does not affect small-scale fisheries. CECAF (the
FAO Commission for the Eastern Central Atlantic Fisheries) and, to a lesser ex-
tent, some of the other FAO regional fishery bodies, which between them cover
most of the developing world, are becoming fully engaged ir. the rarge of stock
assessment work (comoilation of regional statistics, meetings of wo 'king parties,
preparation of reports to the commission and member governmenss, etc.) typical
of the longer established bodies. This work has mostly been done for the large-
scale industrial fisheries {(mainly, those carried out by long-range vessels from
outside the region), rather than for the small-scale fisheries and the resources
which support them.

There are good reasons for this. Each of the big resources may be exploited
by two or mare coastal states as well as by ships from a dozen nonlocal coun-
tries. They are therefore a direct international responsibility. The resources ¢} in-
terest to small-scale fisheries are of interest to only one country, and often only
of localized interest even within that country. Further, the large-scale fisheries
involve large-scale decisions— investments of tens of millions of dollars in new
vessels; internationai licensing agreements, etc. —which are likely to require a
fairly formal and detailed decision-making process, with a review of what is
known about the resource an important element in this process. (However, this
does not necessarily have to be the case; a surprising number of important deci-
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sions have been taken without a careful examination of resource data Subse-
quent history suggests that this is often not a very sensible procedure )

The development of small-scale fisheries, on the other hand, has seldom in-
volved big decisions Growth is normally a slow, organic process, with the tradi-
tional methods gradually modified to take advantage ot, tor example, modern
synthetic materials The most abrupt changes have often come from outside de-
cisions to build a new road, say. thus giving access to new markets for the pro-
duce from small-scale fisheries in the big cities Such formal decisions seldom
call for explicit information on the state of the resources An exception has been
the construction of big hydroelectric or irrigation dams with associated man-
made lakes behind them These, and some other large-scale modifications in the
environment, have provided the impetus tor careful reviews of the fishery situa-
tion, including the assessment ot existing stocks in the pre-impoundment or early
post-impoundment stages in Afrizan mian made fakes

This situation is now changing It is becoming more widely recognized that,
it the benefits ot development are not to be concentrated in the better-off sec-
tions ot the community, and it some of the harmful effects of development (for
example, ever greater drift to the large cities and their surrounding slums) are to
be avoided, greater and more explicit attention needs to be paid to the poorer
people, including the small-scale fishermen This recognition is partly reflected
in well-meaning resolutions at appropriate international conferences. It is also
resulting in the formulation of large-scale projects, financed by various interna-
tional and national agencies, for developing small-scale fisheries These require
advice about the resources before a decision on the details of the projects can be
made — for example, it would be worse than useless to encourage the increased
catching power of a group of fishermen by financing the purchase of outboard
motors if the resources are already tully exploited Those responsikle for such
projects are tinding, however, that information on the resources is not readily
available in most cases

This rather black picture of the state of stock assessinent work in many
small-scale fisheries should not detract from the very real progress that has been
made in some areas, particularly in the inland fisheries of Africa. Some of this
work has used the traditional stock assessment techniques (analysis of CPUE
data, calculation of yield per recruit from growth and mortality estimates), but
fresh approaches have been developed, including 1he ultimate in simplification
proposed by Graham {1958).

Improvement in technology has allowed the use of acoustic methods to be-
come almost routine for surveying pelagic fish, and these are widely used in FAO
projects. While they are mainly concerned with large industrial-scale fisheries,
they can be used to assess some resources of interest to small-ccale fishermen or
to both small-scale and industrial fisheries.

Of wider interest have been the attempts to establish general formulas relat-
ing potential yield to simple characteristics of the body of water concerned. The
original concepts developed from lakes in North America nave been extended to
lakes and river basins in Africa (Henderson et al., 1973; Welcomme, 1974 and
1975). Also, the simple estimation of potential yield has been expanded, by a
study of the number of fishermen per unit area, to provide an assessment of the
likely level of exploitation. For African lakes it seems that when the intensity of
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fishing rises to one fisherman per square kilometer of lake, the lake becomes
fully exploited, and no further increase in catch can be expected by increasing
the intensity beyond 1 to 15 fisherman km: (see Henderson and Welcomme,
1974, Fig 2, p 8)

This approach has been less widely used in the sea, partly because the sea
does not offer such neat and clearly defined replications of approximately
similar situations as lakes do The yield per unit area of reef fisheries in the Carib-
bean has already been examined These tend to an asymptote in areas which
seem to be heavily fished A broadly similar figure of 3 maximum yield of around
5 tons, '’kmz of reef was found, usirg the same approach, for the reef fisheries in
the western Indian Ocean (Mauritius, Seychelles, Kenya, and Tanzania). Oft
West Africa (the CECAF area), though greater attention has been paid to the
large offshore stocks exploited mainly by long-range vessels, progress has also
been made in assessing inshore stocks Apart from the use of traditional methods
(e.g., CPUE), examination of ecological indices, especially the intensity and
duration of upwelling and the nature of the bottom, has proved useful

Considerable progress has been achieved in the Far East, largely through the
initiative of the FAO/UNDP South China Sea project. This project has organized
a number of workshops to issess different groups of resources. These assess-
ments have largely consisted of detailed catch and effort data, which is available
at various local and provincial offices

The general experience of FAO has been to confirin the need for a combina-
tion of different approaches. Both the analysis of catch and effort data and the
interpretation based on ecological indices need to be supported by some exami-
nation of more detailed aspects of the populaton dynamics of at least a repre-
sentative sample of the species involved. The ecological approach and the
estimation of yield from information on unexploited biomass require some idea
of turnover rate or longevity of the various species of fish. Similarly, it would be
unwise to rely on a decrease of CPUE (or an absence of such a decrease) as an in-
dication of the presence (or absence) of hea''y fishing unless there was other
evidence of changes in the population structure—e.g., a decrease (or not) in the
proportion of larger animals or, better, an increase in total mortality rate.

Discussion

This brief review of past and current practices of stock assessment of the
small-scale fisheries of developing countries suggests that the supposition on
which the workshop is based is correct. On the whole, the people making deci-
sions on the development of these fisheries (using the term “development” in a
general sense to denote any improvement in the fishzries and in the benefits re-
ceived by the fishermen, rather than in the narrower sense of just increasing the
total catch) do not have sufficient information on the resources, their potential
and their state of exploitation, to make -ational plans for such development.

The reasons for this are many, but they can, for the purposes of this
workshop, be divided into three groups:

1. Appropriate techniques do not exist to assess many of the stocks,
especially when many species occur,

2. Techniques exist, but the countries concerned are not able to apply them.
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3. There is no structure within the country to ensure that the results of stock
assessment, even when the relevant studies have been carried out, are made
available to, and are used by, those making decisions.

Development of new stock assessment techniques, as well as the adaptation
of existing techniques used for large-scale, temperate-water fisheries to the dif-
ferent conditions of small-scale tropical fisheries {(many species, short life span,
lack of age data, etc.) are discussed by other contributors to the workshop, and
need not be expanded upon here.

Similarly, the transfer of knowledge is a problem that has been discussed
before at length. The advantages and disadvantages of different approaches—
sending expatriate “experts” to developing countries for shorter or longer
periods; fellowships or similar medium-term or long-term training in developed
countries; training courses in the recipient countries; provision of manuals, text-
books, and other written material —have often been talked about Though the
matter may not have been resolved by these discussions, it seems unlikely that
much can be added here. However, it may be useful to distinguish two different
situations At one extreme are the large countries (Brazil, India, possibly Nigeria)
whose small-scale fisheries, and the actual or potential supply of scientists, are
important enough to expect that eventually they will establish their own selt-
sufficient program of assessment. At the other extreme are the small countries
(the Caribbean island states, most countries in the Gulf of Guinea, the small
Arab states in the Gulfs, etc.), which cannot be expected to command the exper-
tise to make their own assessments within any reasonable time. Their fishery
departments are very small, and in the smallest countries there may be only a
couple of men to handle all fishery problems, from economics to the improve-
ment of net design. For the latter class— whi b in the short run, may include a
majority of developing countries —improving the application of existing assess-
ment methods will encompass arrangements for continuing assistance (possibly
through regional or subregional cooperation) in the actual work of assessment,
as well as the transfer of knowledge of how such work can be done.

Possibly, the most important reason for poor assessment studies, and poor
use of any results of studies that are in fact carried out— and this is a reason that
is often overlooked —is the absence of a structure or of administrative arrange-
ments within a country (or external agencies, purporting to provide aid to the
country) linking those responsible for scientific studies with those making deci-
sions about development and * anagement. Assessments, however precise, ac-
curate, and detailed, are of no practical value unless they are actually taken into
account in reaching decisions of some kind (subsidizing the import of outboard
motors, prohibiting mechanized fishery within two miles of the shore, and so on).
Conversely, even poor assessments if used properly can improve decisions that
might otherwise be reached on a blind guess--or, more often, assumptions about
the resources that are favorable to the action being considered. Further, using
assessments can provide the best possible incentive for improving them.

A structure that would link the scientist with the decision-maker would also
help overcome the biggest obstacle to better assessments. This is lack of
resources, particularly in the collection of basic data (catch statistics, etc.). Even
with the most efficient statistical design, collection of data is not cheap, and ad-
ministrators will not be willing to allocate the necessary funds unless they
clearly understand how important it is for their own work.
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Stock Assessment Models: Applicability and Utility
in Tropical Small-Scale Fisheries

John L. Munro, University of Papua New Guinea

Abstract

Problems of applying conventional stock assessment models to multispecies
tropical small-scale fisheries are outlined. It is concluded that at the present time
empirical Schaefer-type biomass production models are the only means
available for assessing such fisheries but that there are strict limitations to the
usefulness of such modeis.

The enormous problems of parameter estimation and the unknown effects
of complex cominunity interactions limit the utility of the Beverton and Holt
type of models. Nevertheless, such models provide valuable insights into the
dynamics of the constituent species.

Parameter estimations based upon simple measurements such as length
frequencies, mean lengths or weights, and upon generalized interrelationships of
basic parameters are advocated. They should be more closely investigated in
order to test the: degrees of accuracy which are attainable.

The effects of selective and nonselective exploitation patterns upon com-
munity structures are considered, and the effects upon harvests are described.

A set of carefully planned and executed research programs on selected
small-scale fisheries could provide solutions to many of the problems which have
been identified.

Introduction

The problems of stock assessment in tropical small-scale fisheries mostly
relate to the fact that such fisheries are based upon a multitude of species, many
of which are exploited by a variety of technigues to which the various species are
differentially vulnerable. Instances in which a single species is overwhelmingly
dominant in a tropical small-scale fishery are exceedingly rare (e.g., the Barba-
dian flying fish fishery) and need not claim further attention here.

A number of recent reviews (FAQ, 1978; Stevenson and Saila, 1977) have
been made of the models which are presently available for assessing multispecies
stacks, and Pope (1979) has most recently formulated a multispecies model
founded upon the basic logistic model of Schaefer (1954, 1957). Multispecies
versions of the Beverton and Holt (1957) model, such as that of Andersen and Ur-
sin (1977), have also been developed, but the feasibility of actually applying
such complex models to *he fisheries is not yet apparent.

This paper is an attempt to evaluate the relative utility of the available
models when applied to tropical small-scale fisheries, and to identify specific
factors which might limit their usefulness, including problems of parameter
estimation. For the purposes of this discussion, tropical small-scale fisheries are
defined as those fisheries which operate without the assistance of unified or in-
tegrated distribution and marketing organizations, and in which the fisherman
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most often retains a portion of his catch for his own use and sells the remainder
directly to the consumer or to an individual vendor. Fishing methods can be ex-
tremely diverse and the landings may be dispersed over a great length of
shoreline.

Conventional biological and statistical exercises therefore become ex-
tremely difficult to implement For example, landings made at a village beach
after an overnight trip in a Western Pacific reef fishery might inc!iide handline,
gill net, spear or spear gun, and troll catches. Several sizes of hooks and/or mesh
might be employed, and all fish from all sources are stored in a single icebox (if
such a luxury is available).

Additionally, artisanal and subsistence fishermen often have a fund of
knowledge of fish behavior, migrations, and general ecology which enables them
to switch their attention from one habitat to the next in order to capture the most
readily available species. This will result in the sudden absence of a species from
the landings—not because the species is unavailable but because a different
species is more readily available

In other situations, fishing might cease entirely, despite favorable condi-
tions, because abundant supplies of some terrestrial crop have become available
and rendered fishing uneconomical. Alternatively, fishing might simply cease
because the fisherman’s latsr is required elsewhere. Where fishermen have
become indebted to middlemen or traders, large portions of the landings might
be concealed in order to avoid demands for debt repayment.

in all instances where biological or statistical sampling is done at a village
level it is necessary to have local agents or to get to know the fishermen on a per-
sonal level in order to gain their confidence. This is a time-consuming process —
often prohibitively so.

One other feature of such fisheries which is not always recognized is that
the conventional economic restraints on overexploitation might be absent or
become operative only long after the largest (and often the most valuable)
organisms, which mature at relatively large sizes, have reached a severe state of
biological overfishing. This everually results in reductions in recruitment and a
decline in volume, quality and value of the catch. Under such circumstances, it
is entirely possible to render extinct the most sought-after or most vulnerable
species.

The foregoing remarks apply to the fisheries prosecuted by the overwhelm-
ing majority »f individual fishermen and fisherwomen in the world and to
fisheries which probably produce much more than half the worid harvest of
marine product- for direct human consumption. The amount of scientific atten-
tion directed toward these tropical fisheries (with the notable exception of
African freshwi ter fisheries) has been negligible.

Models

Only two basic niodels exist for the assessment of fish stocks; viz., the em-
pirical Schaefer production model (1954, 1957} and the analytic censtant-
recruitment Beverton and Holt model (1957). All other models are merely per-
mutations, variations, simplifications and/or improvements of the basic
material. With very few exceptions, application of the models has been directed
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toward stocks of individual species and it is only comparativaly recently that
serious attention has been directed to multispecies fisheries.

The FAO Expert Cons ltation on Management of Multispecies Fisheries
(1978) considered some aspects of multispecies stock assessment using the Gulf
of Thailand trawl fishery and the trawl fishery of the Georges Bank-Cape Hat-
teras part of the International Commission for Northwest Atlantic Fisheries area
as prime examples Neither of these is a “small-scale” fisherv, but they differ in
regard to numbers of species, diversity of fishing methods, and the difficulties in-
volved in assembling catch and efrort statistics

In cases where catch statistics exist, the simplest assessments of multi-
species fisheries have been based upon the combination of the available catch
statistics and treatment of the entire community as a single stock. This has
worked surprisingly well, and FAO (1978) cites examples from the trawl fisheries
on Georges Bank, in the northeastern Pacific, and in the Gulf of Thailand. tither
linear or semilogarithmiz regressions of catch per unit effort against effort have
been employed

Munro and Thompson (1973) applied a semilogarithmic regression to catch
statistics for the canoe-based Jamaican near-shore fishery (Fig. 1). 'n this par-
ticular case, no annual statistics were available, and the analysis was based upon
a sample survey conducted by the Jamaican government during 1968 Catch
rates expressed as kg/canoe/year were regressed semilogarithmically against
fishing intensity (canoes/unit area) for various sectors of the island shelf which
were subjected to different fishing efforts. The inherent assumption in this
“model” is that the different areas are ecologically similar and originally sup-
ported fish communities of similar composition and biomass.

These biomass-production “models” are purely empirical, and the yield
curve is obtained by simply multiplying values along the x and y axes. The FAO
txpert Consultation on Management of Multispecies Fisheries (1978) speculated
on possible reasons for the relatively good fit of such “models” and, while not
reaching any definite conclusions, suggested that “'total biomass does react in a
simpler way to overall fishing effort than does the biomass of individual stocks”
and pointed out that species interactions must be implicit in such a response to
fishing.

Pope (1979) has expanded upon earlier considerations of interspecific in-
teractions in exploited communities and has described a new multispecies model
which is founded upon the basic premises of the simple parabolic Schaefer
model but allows for the effects of predation and competition on all the compo-
nent species There is, apparently, no theoretical limit to the number of species
which can be treated by the model, provided that the necessary parameters can
be estimated. However, parameter estimation for individual species may not be
necessary, because the model shows that the yield will be at a maximum when
the combined catch per unit of effort of all component species is reduced to one
half of the initial catch per unit of effort, provided that no stock becomes zero.

In the latter context it is also most important to note that Beddington and
May (1977) have shown that, as a result of chance environmental fluctuations,
the variability in population size will increase as harvesting effort increases, par-
ticularly at levels of exploitation beyond that which will produce maximum sus-
tainable yields. The right-hand arm of any yield curve therefore becomes pro-
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grassively less reliable as effort increases, and there is a danger of extinction of
species which are at a temporarily low level of abundance. Beddington and May
(1977) point out that the erfects are more pronounced under a constant yield
strategy (i.e., a quota system) than under a constant effort strategy, and it is,
perhaps, fortunate that quotas are one of the management tools which are least
likely to be use-! in tronical small-scale fisheries.

An arlditional poi ¢ that is made clear by Pope’s model is that the sum of
vields from two inter. _ang stocks which are simultaneously exploited is always
less than the sum which might be obtained from the stocks if they cid not in-
teract Similarly, Shirakihara and Tanaka (1978) concluded that in the case of
competing species such as Scomber japonicus and Cololabis sarra, ‘the MSY
level for each species based on the single species theory could Le quite er-
roneous.”

The only alternative to models of the Schaefer type appears to be that of
making estimates of the population parameters of the component speries (or at
least of the dominant species) in a fishery, applying the Beverton and Holt model
(1957, 1964) or one of its successors (Gulland, 1969) and summing the resulting
yield curves. The calculations present very few practical problems provided
there is access to minimal computer facilities.

However, a simple summing of component yield curves must iargely ignore
the possibility of changes in the parameters in response to community interac-
tions, because such changes cannot be calculated at the present time. The theo-
retical basis for detailed analysis of multispecies analytic models already exists
(e.g., Andersen and Ursin, 1977), as does the computing technology. All that is
lacking are estimates of the parameters.
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Figure 1. (A) Semilogarithmic plot of relationship between catch in 1968 of demersal and
neritic pelagic species per unit of effort (kg/canoe/yr) and fishing intensity (canoes/km?2)
for shelf areas adjacent to the Jamaican parishes of St. James (S)), St. Mary (SM), St. Ann
(SA), Trelawney (T), and Hanover (H) on the north coast; St. Thomas (ST) and Porciand (P)
at the eastern end of the island, Westmoreland (W) at the western end; and for the South
Jamaica Shelf (SS) Trelawney is excluded from the regression. (B) Regression line of Figure
1A translated to terms of annual yield per unit area (thousands of kg/km2/yr) relative to
fishing intensity (canoes/km?2). Actual yields and fishing intensities (1968 statistics) for shelf
areas adjacent to Jamaican parishes and for the South Jamaica Shelf are also included (ab-
breviations as given for Figure 1A). {From Munro and Thompson, 1973.)

Applicability of the Models to Tropical Small-Scale Fisheries

In applying either the Schaefer or the Beverton and Holt models, it is
necessary to make certain bland assumptions even when the models are applied
to single-species stocks. In apply.ng the models to multispecies stocks, very
serious problems can arise. For example, Pope (1979) shows that there are no
serious objections to the empirical Schaefer-type multispecies assessments
which have been done for the fisheries of the Gulf of Thailand and the Jamaican
shelf. However, both assessments will become inapplicable if any species is ex-
tinguished or if there is any major change in fishing technique or in the mesh sizes
used. This is because the compaosition of the exploited community is a function
of its original composition, of the lengths or ages at first capture, and of the
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catchability of each of the component species. To take an extreme example, a
very large increase in mesh size at a given level of effort would result in a drop to
zero of the fishing mortality of all small species, while the abundances of those
species would rise to some equilibrium level The large species would continue to
be harvested, but the recruitinent rate of each of them might change radically.
For example, some of the small predators previously held in check by large
predators or by fishing might now increase in abundance and prey heavily upon
juveniles of large species and adversely affect recruitment. Alternatively, recruit-
ment of large species might be enhanced as a result of maturing and spawning
before recruitment. The permutations are clearly endless, but the point remains
clear: the only management measure which can be effected on the basis of a
Schaefer-type assessment of a multispecies stock is an adjustment of fishing ef-
fort. The effect of any other alteration of fishery parameters must be separately
assesserd by means of an analytic model

The analytic Beverton and Holt mcdel assumes that recruitment is unaf-
fected by fishing effort, something which is patently untrue at high levels of ex-
ploitation. In conventional single-species assessments, this problem, and the
problem of fluctuations in recruitment, are circumvented by expressing yield
estimates in terms of vield/recruit. However, this cannot be done if the Beverton
and Holt model is applied to a multispecies fishery in which the yield curves of
individual species are summed.

In such a case, recruitment (R) must be incorporated into the calculations,
because it is the proportion of recruits of each species which determines the
magnitude of the yields. Absolute estimates of recruitment are not essential, and
an index of recruitment can be used instead (Munro, 1974). However, evidence is
accumulating that coral reef fish communities which are reputedly “stable” can
have substantial variations in annual recruitment oi individual species (Russell et
al, 1977). There is not yet any information on the degree to which tropical food
fish stocks may be subject to variations in recruitment, but there is every
likelihood that the same variability will be encountered.

If analytic models of any sort are to be used for the assessment of small-
scale multispecies fisheries, it is vitally important that a better understanding of
the biology of the constituent species, and of the factors which affect the basic
biological and fishery parameters, be achieved. Most important of all, we need
to know how the exploitative process affects the composition and productivity
of the exploited community. The parameters which might be affected include the
natural mortality rate (M) and the recruitment rate (R). It is also conceivable that
catchability (q), length anu/or age at recruitment (I, t;) lergth and/or age at
maturity (I, tm), fecundity (e), and condition factor (a) could be affected.
Clearly, the growth parameters of the von Betalanffy growth formula {k,Lo
and/or W, to) could be affected if selective fishing induced changes in the com-
position of the community and changed the amount of food available to a com-
petitor or predatnr

In the latter context, attention should be drawn to the work of Pauly (1978a,
1979), who argues very cogently that growth rates in aquatic animals are pri-
marily a function of relative gill-surface area and of temperature, and that it is
the availability of oxygen to the tissues which imposes the primary limitation on
the growth of aquatic animals. An important corollary of Pauly’s theory is that
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food is seldom a limiting factor in the natural aquatic environment. However,
this does not mean that food might not become limiting in an altered community
or environment, or that growth rates might not improve under reduced popula-
tion densities as a result of reduced intra- or interspecific aggression and in-
creased feeding on available foods Nevertheless, if true, this contention means
that numerous cherished ecological concepts will have to be discarded.

Natural mortality rates (M) are affected by changes in the abundance of ma-
jor predators. Munro (1974a, 1974b) found some evidence of reduced natural
mortality rates in exploited communities and {ound very high mortality rates of
most species in unexploited communities. Indeed, the total mortality rates in
some species appeared to be lower in the exploited areas than in unexploited
areas (Fig. 2). Munro (1974a, 1974b) therefore calculated mortality rates in ex-
ploited areas to be M = My + g P_in which M, is mortality from causes other
than predation, P is the relative biomass of predators, and g is the amount of
mortality generated in the prey population by one unit of biomass of predators.
Pauly (1978b) has argued that natural mortality is a function of K, L , or W
and temperature for a large variety of fishes. However, this would imply that
mortality is independent of the abundance of predators, and it is not clear how
the two above-mentioned cases can be reconciled.

Mortality rate —»

Fishing effort —=

Figure 2. Theoretical interrelationships between natural mortality rate (M), fishing mortality
rates (F), and total mortality rate (Z) which will exist if natural mortality rates in an ex-
ploited community decline as a result of concurrent exploitation of predatory species.
(From Munro and Thompson, 1973.)

Recruitment is the parameter in which the causes of changes are most diffi-

cult to identify. In the absence of good biological information, it is also difficult
to ascertain whether changes in the composition of catches are a result of en-
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hanced recruitment or of simple increases in biomass as a result of changes in the
longevity of prey species. For examnple, in both the Georges Bank area and the
Culf of Thailand the relative abundance of squids has increased with increased
fishing effort (FAO, 1978; Pope, 1979). Has this increase been brought about
because of decreased predation upon prerecruit squid or has recruitment re-
mained constant and the biomass increased as a result of improved longevity
(decreased predation upon adults) and/or reduced competition for food?

Additionally, it is important to note that the ecological effects of e:ploita-
tion upon a community are determined by the method(s) of exploitation .\nd the
selectivity of the method(s). For example, in the Jamaican fishery it has been
argued (Munro, 1974a) that the exploited reef fish community contains a com-
plete spectrum of species, ranging from predators such as sharks, mainly
piscivorous species such as groupers, snappers, and jacks, invertebrate feeders
such as grunts, squirrel fish, and trigger fish, to herbivorous species such as
surgeon fish and parrot fish. Most species are resident on the reef from a very
small size and are liable to predation by larger fishes throughout their lives, but
the likelihood of death by predation decreases with increasing size Predatory
species are themselves liable to predation throughout their lives, the only likely
exceptions being the largest sharks. The position of a fish in the trophic structure
is therefore largely determined by its size. The same argument could be applied
to almost any other tropical aquatic community. Most species contribute to the
biomass of predators in accordance with their numbers, average size, and pro-
clivity to piscivery. All species form part of the pool of prey in accordance with
their numbers and average size.

If the foregoing arguments are accepted, it follows that the effects of ex-
ploitation must depend upon the selectivity of the fishing techniques For exam-
ple, Antillean fish traps are the predominant gear in the Jamaican fishery, fol-
lowed by handlines. Nets of various types are refatively unimportant Both the
traps and the handlines tend to select the piscivorous species, such species being
most prone to taking a baited hook or entering a trap to feed upon previously
captured prey species. The groupers, for example, thus suffer a relatively greater
catchability (q) in the overall fishery than do, say, the surgeon fishes. The
biomasses of both groupers and surgeon fishes will therefore decline in response
toincreases in fishing effort, but the numbers of surgeon fishes will not decline as
rapidly as those of the groupers. The predators will be of smaller average size,
and the survival of the largest members of the prey population may be differ-
entially improved. if the size at recruitment to the fishery (I, ) is less than the size
at first maturity (I1yy), significant effects upon recruitment may result. This pat-
tern of exploitation may eventually result in the elimination of the predatory
species as significant components of the catches.

In contrast, a fishery which is selective for the smaller members of the com-
munity will have very different effects. Examples might be the Gulf of Thailand
trawl fishery (Pauly, personal communication) or the subsistence fisheries in
some areas on the south coast of Papau New Guinea. In the Gulf of Thailand
traw! fishery, the small-meshed trawls may be avoided to some degree by the
larger, swifter, predatory species. In certain Papuan fisheries, small-meshed
{6.35 cm) monofilament floating gill nets are the most favored gear, and are
fished day or night by setting the nets over seagrass beds or close to reefs and
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driving fish into the nets. The nets are highly selective for the smaller in-
vertebrate-consuming members of the reef community, such as mullids,
nemipterids, and small lethrinids, and for small neritic pelagic species The larger
pelagic species (Spanish mackerel, tuna) and benthic predators (snappers,
groupers, jacks) are not often captured Undoer the circumstances outlined
above, the small-sized species are subjected to their normal, high, natural mor-
tality rate plus fishing mortality, and the stock biomass dectines rapidly. The
predators suffer reduced food supplies and reduced growth rates and might even
enjoy enhanced recruitment as a result of decreased predation on their early life
stages Selective exploitation of this sort can result in a seriously reduced
harvest

For example, Marten (1979) has shown that there is an inverse relationship
between the abundance of Tilapia spp and of Bagrus domac in various parts of
Lake Victoria. Munro (1967) showed a similar relationship between the annual
abundances ot Tilapia and Sarotheroden spp. and the abundance of predatory
Hydrocyonus vittatus (tiger fish) in each preceding year in an African reservoir
fishery Order-of-magmtude differences result in each case

Saila and Parrish {1972) have used graph theory to demonstrate that high-
level predators contribute more to community stability than do low-level
predators This is because high-level predators will “elect” (Ivlev, 1961) to con-
sume the most abundant prey, and thus tend to fiatten out chance variability of
populations Selective exploitation of high-level predators (e.g., the Jamaican
fishery) will therefore lead to high yields but greater instability. Selective fishing
for prey species in the Gulf of Thailand may well account for the stability of the
composition of the stocks (e.g., FAQ, 1978, Fig. 5), but thi; may be achieved at
the cost of lower total production.

There is no method whereby the factors discussed in the preceding pages
can all be incorporated into present analytic models. While the analytic models
remain useful in achieving an understanding of single-species fisheries, they do
not at the present time provide accurate assessments for multispecies fisheries in
temperate regions, let alone those of the tropics.

Data Acquisition

The most basic deficiency of the Schaefer-type production models lies in
the very sparse statistical data upon which any conclusions must be based.
Detailed annual catch and effort statistics are probably prohibitively expensive,
and thus unwarranted for most tropical small-scale fisheries. However, well-
designed sample surveys administered periodically by trained teams might do
much to remedy the situation and provide a data base upon which fishing in-
tensity surplus yield curves (Munro, 1974b) might be based.

Pope (1979) has advocated the use of research vessels to provide stan-
dardized catch per unit effort data, and there appears to be every reason to en-
courage fisheries agencies to undertake routine test fishing in order to ac-
cumulate such basic information. Standardized fishing programs conducted in
conjunction with periodic sample surveys of tropical small-scale fisheries could
provide a wealth of information. However, a major problem in some small-scale
fisheries may be the stability of the fishing effort. {n such cases, recourse to the
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method of Munro and Thompson (1973) in seeking ecologically sirnilar areas with
differing fishing intensities may be the only solution.

In the case of analytic models, there are a number of oonportunities for
parameter estimation which have not yet been fully utilized and which might
assist in some measure in compensating for the dearth of estimates available for
the species comprising the tropical multispecies stocks. Possibly the most signifi-
cant of these is the Beverton and Holt (1956) formulation

Z=K(lg-1) 11 o0r |f~= (Loo - 10/(T-T¢)
in which Z is the coefficient of total mortality, K is the coefficient of growth, L
is the asymptotic length, T is the mean length of all fishes which are fully
recruited to the fishery, and I, is the length at which full recruitment is attained.
The parameters [ and i are easily derived from any reasonably based represen-
tation of the annual average length composition of a stock. The growth
perameters, K and L, , can be derived from separate growth studies, or if such
estimates are not available, reasonable estimates of L., can be deduced from
records of the largest fishes captured (Taylor, 1958). Thus, given a reasonable set
of length-frequency data, total mortality, Z, can be estimated. If no estimate of
K is available, at least an estimate of Z/K can be obtained. If different levels of
fishing effort, f, have prevailed in two or more years or in two or more areas,
estimates of M/K can be derived

In unexploited areas, fishing mortality is zero and Z/K = M/K. This pro-
cedure was followed in assessing the mortality rates in Jamaican reef fisheries
(Munro, ed., 1973-78). This immensely useful formulation warranted only a brief
note in the early edition of Ricker {1958) and is omitted entirely from the latest
version (Ricker, 1975) It has been utilized by only a handful of investigators
(Kipling and Frost, 1970; Le Guen, 1971; Munro and Thompson, 1973). Ssentongo
and Larking (1973) have more recently derived a very similar formulation

Pope (1979) examined the possibility of deriving mortality estimates from
the length distributions of various species taken by rese.rch trawlers in the Gulf
of Thailand and concluded that it was not possible. However, it is not clear
whether the length distributors shown were representative of the annual average
length distributions or why, in some cases, it was not possible to estimate mor-
tality rates.

A second approach, which appears not to have been utilized by anyone
other than myself, is to derive estimates of mortality rates from the mean weight
of individuals in the catch. The formulation (Gulland, 1969)

-nK(tc - tOJ
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shows that the mean weight (V—VC) is a function of the asymptotic weight (Wes ),
the growth rate (K), the total mortality rate (Z}, anu the relative age at entry to
the exploited phase (te-to)

if the growth parameters (K, W,, , and t) and the age of first capture (t_)
are kriown, then curves or tabulations showing the relationship between W_ and
Z can be prepared and estimates ot Z can be derived from the observed mean
weights of individuals in the catch. If data on mean weights is systematically col-
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lected over a full year, this must surely be a most accurate statistic. Never-
theless, it never appears to be utilized for anv fishery assessment. Why not?

Finally, Pauly (1978a, 1978b, 1979) has used multiple regression techniques
to derive a set of empirical formulas which interrelate mortality ratz to growth
parameters (K, L, or W ) and water temperatures in one instance, and in
another relate growth rates to relative gill size and water temperatures. The
theories put forward are bound to generate much discussion, but it is clear that
certain fundamental generalizations underlie many of the parameters which
fishery biologists seek and that these generalizations could easily be utilized at
least to set bounds for unknown parameters and permit trial assessments to be
made for numerous stocks

Alternatively, Marten (1978) has proposed a yield per recruit model which
circumvents the problems of age and growth rate estimation by assuming linear
growth of the exploited phase and a growth span of unity. Such radical depar-
tures from conventional techniques must be examined to ascertain their general
utility and to determine whether they can be adapted for multispecies stock
assessment

Research Requirements

The greatest obstacle to small-scale fishery assessments is the remarkable
lack of reliable estimates of fishery and biological parameters with which the
population modelers can test their theories The reasons for this state of affairs
are obvious Few of the third world countries have or can afford to purchase the
expertise which is necessary to investigate the immense complexities of their
small-scale fisheries, and until recently international organizations and granting
agencies have preferred to direct their attention and funds elsewhere. It is
perhaps opportune to note here that, at the present time, about 95% of all
fisheries funding in the tropical Western Pacific is devoted to tuna. The impact of
the tuna fisheries upon the indigenous people of the region can be described as
trifling, at best More money and more effort are essential if we are to under-
stand the problems of small-scale fisheries

One of the stated objectives of this workshop is to “delineate specific topics
for collaborative research ... which would have the best chance of providing the
less developed countries with stock assessment methodologies suitable to their
needs.”” A long-term commitment to a study of harvesting strategies and assess-
ment techniques directed at the most complex and extensive of all fish com-
munities, those of the coral reefs of the Indo-Pacific region, would lead to the
greatest insight into the complexities of multispecies stock assessment tech-
niques
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Economic, Social, and Cultural Aspects of Stock
Assessment for Tropical Small-Scale Fisheries

Richard B. Pollnac and Jon G. Sutinen, University of Rhode Island

Introduction

In his paper, Dr. Roedel presented a set of issues related to stock assessment
for consideration during this workshop. The aim of this paper is to help define,
from a social science perspective, the nature of those issues.

First and foremost, under Title XII the ultimate test of any research and
development program for tropical small-scale fisheries is the extent to which it
improves the well-being of small-scale fishermen and increases fish consumption
among the malnourished segments of the population. It follows, therefore, that
stock assessment involves a number of economic, social, and cultural considera-
tions as well as the conventional biological and ecological ones.

This paper is divided into two major sections. The first presents an
economist’s perspective on the issues, while the second concentrates on social
and cultural aspects of stock assessment issues.

Economic Aspects

The Information Systems Paradigm

The information systems paradigm developed by Bonnen {1975) addresses
an analogous set of issues in agricultural economics. According to this paradigm,
the problem of small-scale fisheries development can be viewed as a fundamen-
tal problem of information processing. Before it can te solved, there must be a
solution to the associated problem of an implicit information system. That is,
solving the problem of fisheries development requires making decisions, and
making decisions requires information. Providing information depends upon
devising a system in which data are collected, analyzed, and acted upon by
decision-makers.

Every decision requires an understanding of some part of reality (see Fig. 1).
Since reality is too complex for a complete understanding, a set of theoretical
concepts is typically developed to explain reality in a manner that is appropriate
for the problem at hand and capable of being grasped by the human mind. Since
concepts cannot Le measure< directly, they are operationalized by devising a set
of variables (empiricaily observable phenomena) which correspond to that part
of reality under study. The identified phenomena are then observed and the
variables measured. The resulting set of measured variables represents the data
output. At this point, there is a “data system,” since data are not information
(see Fig. 1).
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To generate information, the data are subjected to analysis and interpreta-
tion for a particular decision-making context. That is, data must be given form
and meaning in order to become information useful for decision-making.

Establishment of such an information system, of course, must be preceded
by a process of analytical inquiry. That is, a body of theory is operationalized,
matched with data, and the resulting analytical framework is tested, refined,and
retested. Through repetition of both the analytical and the empirical processes,
reliability is enhanced. In fact, three types of reliability can be identified:
measurement reliability, operational reliability, and conceptual reliability.

For present purposes, there should be an assessment of the measurement,
operational, and conceptual reliability of the approach used to generate in-
formation on stock assessment. An inadequacy at any one stage can cause a
breakdown in the information process. The following questions should be asked:

1. Where are the gaps; where is the information system breaking down?
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2. Is the theory inadequate?

3. Are operationalized concepts lacking?

4. ls measurement poor?

5. Has the analytical framework been suitably tested and refined?

6. What is the nature of the information to be provided decision-makers?

The information system can also be viewed as a producing system, one that
supplies information to decision-makers. The worth of any information system,
of course, is properly judged by its contribution to the dec:sion-making process
that it is supposed to serve.

At the abstract level, the nature of the data desired by decision-makers is
derived from 1) the natuie of the problem of fisheries development which they
face, and 2) the nature of the decision-making process actually in effect. If the
exact nature of the problems of fisheries development and of the decision-
making process were known, the needed set of information could be ““derived.”

Decision-making and Fisheries Development

Rationality as used in the social sciences is the process of selecting the best
possible alternative, given relevant preferences and constraints. A rational
decision-making process for fisheries development would proceed as follows:

first, an inventory is taken to identify all salient facts and constraints that
are expected to govern the seiection of means to achieve an identified set of ob-
jectives.

Second, the development potential of the fishery is assessed and a variety of
actions which can achieve the development objectives is identified

Third, a set of possible projects is designed and evaluated for their expected
social benefits (in terms of the objectives) and costs.

Fourth, the project or set of projects with highest net benefiis is selected for
implementation.

Fifth, the project is moni* ~red and evaluated during implementation for the
actual net social benefits realized from the project(s).

To the extent that this process is followed, one could derive a set of “in-
formation demands"” at each stage. Quite clearly, it appears that information on
stock assessment would be involved at almost every stage.

To some extent, this process is followed in practice. However, those who
have studied decision-making behavior in other contexts have found that ra-
tional decision-making is rarely used {5imon, 1979; Kinreuther, 1974; and Davy,
1971). In the real world of incomplete and imperfect information, of severe time
constraints and conflicting objectives and interests, it becomes impossible to
behave in a fully rational manner. Thus, the decision-making process is only par-
tially rational. In order to derive the information demands needed, the actual
decision-making process used in fisheries development must be learned.

Here is a set of possible decision-making modes that mayv apply to fisheries
development, each of which could imply different information characteristics
and most ce:tainly would imply a different analytical framework:

1. Safety principals
a. Decision-makers seek to minimize the probability that some set of

variables {e.g., catch and employment) will not fall below some given
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“disaster” level over time.

b. Decision-makers seek an “optimum’ vyield, but it is subject to the
constraint that the probability of disaster (e.g., overexploitation) is below
a certain level (¢ g, 15%)

2. Maximin
Decision-makers select the best of all possible worst cases. More precisely,
they maximize minimum benefits that can be obtained with some given level
of probability

3. Satisficing
Decision-makers set an arbitrary level to be attained (e.g., of catch or in-

come}.

4. Cautious Suboptimizing
Decision-makers move in the right direction, but no further than some

distance percewved as “safe

These are some of the partially rational decision-making modes The point is
that each mode demands different informational input, the fully rational n.ode
being the most demanding Until the actual decision processes are known, social
scientists cannot supply intormation that effectively serves fisheries develop-

ment

Some Characteristics of a Stock Assessment Information System for Fisheries
Development

What should the nature of a stock assessment information system for
fisheries development and management be/ What would an appropriate
analytical framework for it be? What part or parts of reality need explanation?

The reality of the fishery and related sectors s vast and complex The tishery
1s composed of several components and s interconnected with other, nonfishery
sectors (see Appendix). Constructing a metamodel of this larger system, if nat in-
teasible, 1s surely impractical It seems more reasonable, instead, to focus on the
closely related resource and capture subsectors of the small-scale fishery—to
think 1n terms ot an analytical framework that provides decision-makers with in-
formation on these subsectors alone

The part of reality focused on involves both the fishery resource and its
habitat, as weil as man’s exploitation of the resource Like the fishery resource,
man's behavior is conditioned by his environment, an environmeni that consists
of social, cultural, economic, and related elements. tt seems clear, therefore,
that in order to provide useful, reliable information to decision-raaers, a stock
assessment information system should take inte account all of these elements of
reality as well as the nature of the decision-making process used

The implications of such a biosocioeconomic approach ma, be quite signifi-
cant for the study of stock assessment 1ssues. Among other things, this implies 1)
an integrated, interdisciplinary conceptual framework; 2) a joint effort to
systematize the collection and analysis of data on the behavior of the fishery
resource and the human sectors; and 3) a study and evaluation of the decision-
making environment that exists These seem to be some of the conditions
necessary for an effective information system.
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Social and Cultural Aspects

Beyond the economic and information system aspects, however, there are
other social and cultural variables which impinge upon and can affect the
relative effectiveness of stock assessment models. For example, many techniques
rely on catch and effort statistics or return of tagged fish. Both of these types of
data are practically impossible to obtain without the cooperation of the
fishermen It is important to note that the need for this basic type of catch data
was stressed in a report by Resources Development Associates (Craib and Ketler,
1978). Further, even information cuncerning the types of fish caught and utilized
is so minimal in some regions that research prefiminary to actual stock assess-
ment could be rather costly. The biologist should use the rather considerable
knowledge of local fishermen to provide guidelines to facilitate acquisition of
data concerning identification of fish stocks, the number of species involved,
and aspects of their distribution and numbers

Obtaining Data from fishermen

The importance of using the proper approach for obtaining data from
fishermen can be iliustrated by an experience of one of the authors. In a recent
fisheries research project, the fisherman himself was a crucial link in obtaining
data about the small-scale fishery. The fisherman is often the only person who
can supply certain informatior., since much of his work is conducted away from
shore and not easily observed. This separation from land-based society has given
him a worldwide reputation for secrecy and deception. His cooperation in pro-
viding data is essential. It was therefore necessary in this project to determine the
attitudes, beliefs, and values that fishermen held concerning some of the ques-
tions that they were being asked. Attention was focused on an economic ques-
tionnaire which included catch and effort questions, since data concerning in-
come is often the most difficult to elicit.

Experience indicated that the most effective situation for obtaining at-
titudes of fishermen was in small, natural, interacting groups, when fishermen
gather together to discuss football games, women, etc. In such small groups,
fishermen feel they have the support of companions and are more likely to speak
their minds. When spoken to individually, they may acquiesce to what they think
the interviewer wants to hear.

The anthropologist and his research assistant were rather familiar faces
among the fishermen. They became part of such a group and gradually turned
the conversation around to the economic and biological research which was be-
ing conducted. They asked the fishermen what they thought about the catch and
effort questions, and invariably the fishermen said they didn't like them. They
were afraid that the information was going to be used 1) for taxes, 2) to close the
gulf or areas of the gulf to fishing, and 3) to prohibit the use of nets in the gulf.
When asked if anyone had told them why the data were being gathered, they said
no. When the potential benefits of the research program were explained to them,
the attitude of the entire group changed. The fishermen said that since they had
been afraid the data were to be used against them, they had not always told the
truth when responding to questions The fact that they admitted lying indicated
that the interviewing technique along with a full explanation of the purpose of
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the data gathering was an important element in gaining their cooperation The
fishermen themselves even went on to suggest that there should be some way of
informing all the fishermen of the potential benefits of the research. They said
they had simply been questioned with little or no explanation, and that they
were reluctant to cooperate in research they didn’t understand

The inspectors who had been interviewing the fishermen were alsq, inter-
viewed, and it was discovered that they had a limited understanding of the
reasons for gathering the data. After being read a list of potential uses of the
data, they said they wished that they had known them beforehand They went on
to say that when fishermen would press them for an explanation, they would
fabricate some sort of reason, not knowing if it were true or false

Neither fishermen nor inspectors had problems in understanding various
goals of the research. This indicates that full explanations of programs should be
provided to fishermen and ail inspectors

This example indicates that proper communication of purpose can play an
important role in obtaining data from small-scale fishermen. It also shows that
severa! espeits of the ;ommunication process have an effect on the evaluation
and ar.ceptance of a data-gathering effort.

The communication event entails several important components (Hymes,
1964a). 1) the participants —senders, receivers, interpreters, spokesmen, etc ; 2)
the channels —the spoken word, newspapers, pamphlets, wall posters, etc.; 3)
the codes—the language (national, local dialects, etc.), or a combination of
language and iliustrations; 4) the setting—formal meeting, on the heach, etc.; 5)
the message form—salesman’s pitch, sermon, informal chat, etc ; and, finally, €)
the topic—here, information concerning the need for data collection from small-
scale fishermen It is important to note that the above components of a com-
munication event form an interrelated whole, a system For example, the
relative social status and familiarity of the sender and receiver dictate message
form and code in many socicties. Familiar message forms or codes may be taken
as insulting when used by strangers. The characteristics of the receiver may also
dictate the channel and code. It is obvious that written messages or the national
language cannot be used with people who have only a rudimentary grasp of read-
ing or the national tongue. One must become sensitive to the structure of com-
munication events within the local groups of fishermen, either through extensive
exposure or through the use of a good local-level assistant.

Turning to the participants in the communication event, let us focus first on
the sender of the message. Rogers and Shoemaker’s (1971) extensive review of
the literature concerning communication and the transfer of innovations sug-
gests that individuals most likely to communicate effectively with small-scale
fishermen will be those who have empathy with the fishermen and can identify
with them and who are credible in their eyes. This suggests that reasons for data
gathering should be transferred through local opinion leaders.

Barnett {1953), however, cautions that prestige is not a good means of iden-
tifying opinion leaders who will be effective within specific domains, because the
prestige rating of a person may vary from context to context. For example, an
opinion leader with regard to net fishing may not be an opinion leader tor trap
fishing.

Rogers and Shoemaker (1971) present a number of attributes associated
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with opinion leaders Nevertheless, even within a specific domain it is difficult to
identify an opinion leader with only the use of identifying characteristics such as
sccial status, degree of social participation, mass media exposure, etc It is often
necessary to rely on sociometric techniques (Menzel and Katz, 1956; Lionberger
and Copus, 1972} If for some reason (e g, the presence of opinion leaders with a
vested interest in the status quo) it 1s not advisable to work through opinion
leaders, the change agent should try to inform as many concerned individuals as
possible

Turning to communication channels, those most likely to result in effective,
credible message delivery to the small-scale fishermen should be used.
Knowledgeable individuals within the society can be consulted (e.g , marketing
specialists), or opinion surveys of attitudes, beliefs, and values concerning the
various channels can be conducted. Sometimes this must be done on a trial and
error basis Neveitheless, even when an effective medium has been isolated, its
success often depends on uther factors For example, Sinha and Mehta (1972)
note that the sucscss of instructional television in india often depends on the
fariners motivation to change Rogers and Shoemaker (1971) cite numerous
studies which indicate that although the mass media (e g, radio, newspapers,
television) are important for imparting information, interpersonal channels are
important for persuasion They indicate that the mass-media channels are more
effective among peasants in lesser developed countries when used in combina-
tion with interpersonal channels 1n organized small groups of individuals wha
regularly meet 1o attend and discuss mass-media programs

Although it s cbvious, it must be noted that the degree of functional
literacy must be determined before written mass-media channels can be con-
sidered a viable alternative Additionally, and less obviously, if pictures form an
important part of the communicative event, target group famiharity with the in-
terpretation of two-dimensional pictorial material should be taken into con-
sideration (Hudson, 1967)

Use of proper code is also an important consideration, and it 1s not as simple
as merely selecting a language with which the target group s familiar. In bi-
lingual contexts, one language may have more prestige than another (Lambert et
al., 1960, Rubin, 1968) or usage may be situationally dependent. For example,
Rubin (1968) reports that use of Guarani or Spanish in Paraguay depends on the
location, degree of formality, Intimacy, seriousness ¢f the situation, and sex of
partictpants  Even when only one language is spoken, there may be different
codes which signify degree of respect, social class, and other variables. Brown
and Ford (196 1) clarified the extent to which degree of intimacy and status affect
direct address usage in American Cnglish. Further, Geertz (1960} indicates that
Javanese has three levels of speech, including honorifics which are related to the
participants’ age. sex, kinship relation, occupation, wealth, education, religious
commitment, family background, social setting, the content of the conversation,
the background of social interaction between the speakers, and the presence of a
third person. The foregoing are not isolated examples Such variance in language
usage vccurs in many societies around the world {(Burling, 1970; Hymes, 1964b),
and failure to adhere to these usually unwritten rules may lessen the credibility
of a message

It should be noted that strict adherence to the foregoing precautions will
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not necessarily guarantee adequate communication. As one sensitive change
agent noted, "We spoke th2 same language, but we didn't communicate”
(Weller, 1965) Recent psycholinguistic research (Pollnac, 1975a, 1975b; Szalay
et al, 1972) has shown a significant degree of variability in semantic structure
which could impede effective communication. Wallman (1965) indicates that in
Basutoland the failure of a number of development schemes can be attributed to
semantic problems in the communication of measurement. Catch and effort
statistics rely heavily on communication of measurement (amounts caught, time
spent, etc ), hence, efforts must be made to understand the meaning of measure-
ment and the different systems of quantification used by the local fishermen.
Pollnac (1974) demonstrates a fair amount of semantic variability with respect to
food plants among the Baganda, and argues that agricultural change agents must
become sensitive to variability in the semantics of agriculture if they are to com-
municate effectively with various sectors of the population. Names for fish
sometimes vary from one area of the coast to another. Additionally, some fish
have different names at various stages of the growth cyele in some regions
(Pollnac, 1979); therefore, attempts to question a fisherman concerning species
X may result in responses of different types in different regions. Data gathered
without an understanding of this linguistic phenomenon would surely result in
unusual size distributions for the fishery biologist to analyze.

The setting of the communication, like the channel, depends upon deter-
mining the most effective technique among the small-scale fishermen. As was
noted above, however, the setting may affect the code used as well as the
message form. In our society, a sermon is not the proper message form to be used
between friends at a party. Situational constraints such as these operate in other
societies in contexts which the investigator may not be aware of without previous
research. For example, in much of the world schooling is associated with
children. If communication of reasons for data collection is held in a schoolroom
setting with a student-teacher message form, adults in such societies may be
reluctant to attend (Foster, 1973).

Examination of aspects of obtaining information from fishermer. has identi-
fied three areas where prior planning could be of great aid in increasing the re-
liability of data collected directly from small-scale fishermen. First, communi-
cations must be developed to obtain the cooperation of the fishermen. Second,
since systems of quantification may vary greatly from society to society (Reed
and Lave, 1979; Zaslavsky, 1973; Guy and Cole, 1967), local systems must be
determined and understood to insure proper question form and interpretation of
responses concerning quantities. Finally, systems for naming fish vary not only
between languages but within languages. Sometimes a given name will refer (o a
specific species only during a certain stage of the growth cycle or will be ap-
plicable only along certain r:gions of the coast; hence, great care must be taken
to determine the exact referent for all fish names used in data collection
schemes.

Data That Can Be Provided by Fishermen

Most local fishermen have been interacting with the sea for a long time. In
their attempts to wrest a living from it, they have made infei2nces from their
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observations, and constructed taxonomies and theories concerning the marine
environment and its flora and fauna Although some of the conclusions they
have drawn regarding explanations for observed phenomena may not be ade-
quate, their observations of correlations and variability within the sea are usually
accurate, since their livelihood deper us on the abili  to locate fish of specific
types. Anthropologists have been investigating this ty - of “folk science’ for a
number of years (Tyler, 1969), and their findings indicate that taxonomies and
beliefs concerning flora and fauna in the immediate environment of primitive
and peasant farmers and fishermen are exceptionally complex and detailed. This
“folk science,” or ethnoichthyology, can save the fishery biologist a great deal of
preliminary work in his attempts to census the fish populations in various parts of
the world

All fishermen have names for the types of organisms they capture. What is
surprising 1s the number of marine orgarisms which are recognized and named by
local fishermen. For example, Anderson (1967) reports over 400 marine orga-
nisms named and recognized by Hong Kong boat people Cordell {1972) lists over
140 fish named by estuarine canoe fishermen in northeastern Brazil; Morrill
(1967) has found 51 named varieties among small-scale fishermen of the Virgin
Islands; and Pollnac (1979) reports 122 different categories of tish named by the
small-scale fishermen of the Gulf of Nicoya, Costa Rica All of these taxonomies
are relatively complex and hierarchically organized. The elicitation of adequate
taxonomies is not a simple matter (Tyler, 1969), but, once obtained, they can be
used in further research to: ) determine the number of types harvested and
utilized; 2) obtain specimens for scientific investigation; and 3) collect further
data concerning distribution and behavior.

Since a fisherman’s livelihood depends on his ability to find fish, fishing
communities have observed fish behavior and developed locally appropriate
systems fer locating fish according to physical features in the marine environ-
ment, the moon position and phase, the tides, the time of day and year, and
various meteorological phenomena. Once again, anthropologists have provided
illustrations of these folk scientific systems (Cordell, 1972, 1974; Forman, 1967).
This type of information can be of use to fishery biologists in the structuring of
sampling techniques for maximum efficiency. For example, information regard-
ing the location, behavior, and temporal variability of stocks will permit the use
of sampling techniques (e.g., stratified cluster sampling), which will'save both
time and effort and will result in more reliable data Additionally, the scientist’s
knowledge at least of what the fishermen know and believe will enhance his
credibility in their eyes and probably result in their being more likely to
cooperate in the future.

Finally, in many societies longitudinal data on fish stocks are not available.
In these communities, oral histories concerning catch and effort should be ob-
tained from local fishermen. A sampling of such histories can be obtained and
compared to assess their reliability (Young, 1966). The general trends which can
be derived from such data, although not as detailed as one would like, are better
than no historical data at all and, if care is taken, can be quite reliable.

The fishermen possess a system of knowledge concerning local species of
fish that can be of considerable use to fishery biologists in identifying stocks,
framing questions cor.cerning the stocks, deriving general historical trends of
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catch and effort, and designing sampling frames for stock assessment. The in-
telligent use of this information can save a great deal of time and effort on the
part of the fishery biologist and, in the process, result in enhancing his credibility
in the eyes of the local fishermen

Conclusions

The interrelationships between stock assessment and selected aspects of
ecunomic and anthropological information, and daia collection and analysis
techniques, have been examined. Several of the speakers who proceeded us
noted the importance of these interrelationships, and we hope that our observa-
tions will stimulate further discussion and research on these matters
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Appendix

The Fishery and Related Sectors

In riost LDCs, the fishery typically consists of two sectors: 1) a small-scale fishery sec-
tor that uses low-level technology generating low incomes and producing fish for local
human consumption; and 2) an industrial fishery that is capital-intensive, producing higher
incomes for a relatively small number of people, and products for export or industrial use.
The small-scale fishery can be separated into four levels, or subsectors: 1) the resource and
its habitat; 2) capture or harvesting; 3) processing, distribution, and marketing; and 4) con-
sumption. These levels are convenient divisicns for a variety of analyses

The industrial fishery sector is related to development of the small-scale fishery in a
number of ways The industrial fishery may dominate and negatively affect the small-scale
fishery Conflicts can arise over exploitation of the same or interdependent fish stocks (as in
the South China Sea), or where the by-catch of the industiial fleet dominates the local fresh
fish market (as in Central America)

The agncultural sector intluences small-scale fisheries development as well Many, if
not most, fishing families also raise crops and livestock In some areas, fishing is viewed as
the employment of last resort, where people fish only when farming 1s not feasible (e g, Fast
/\fr.lta) The agricultural sector may dominate the regional distribution and mark.-ting net-
work, and thereby define the possibilities for expanding the distribution and markzting of
fish

Similarly, the existing infrastructure detines the possibilities for expanding the small-
scale fishery 1 port facilities and harbors have not been developed to support the general
economy, 1t 1s unlikely that small-scale fishery needs will justify their construction. The
same 1s true for roads and other major compcnents of the physical infrastructure

Institutions and laws can also be: critical to the realization of the potential for fisheries
development Since implementation of development projects typically rests with LDC in-
stitutions, the structure, organization, and legal power of fisheries administration and
related agencies determine the efficacy of anv development program Other institutional
and legal aspects which condition the process of fisheries development include interagency
conflict and coordination, credit, and subsidy and training programs (see Doucet et al.,
1974, Crutchfield et al , 1974; Woodland, 1976).

To be effective, development pianning must account for all aspects of the fishery and
related sectors. if the problem of fisher.es development is not addressed in this holistic man-
ner, links necessary for successful development can be overlooked. Such oversights account
for a large proportion of the failures in fisheries development effors.

For stock assessment purgoses, however, one may wish to focus exclusively on the
resource and capture sectors of the smal'-scale fishery.

59



Some Environmental Considerations for Stock
Assessment of Small-Scale Fisheries

Saul B. Saila, University of Rhode Island

Introduction

Definition

What ate small-scale fisheries? It seems that a clear and universally ac-
cepted definition is not yet at hand. However, Sutinen {1976) has defined a small-
scale fishery system as consisting of two segments: 1) the resource and its en-
vironment, and 2) man and his environment He further indicated that the
resource consists of a very large number of species, usually found in shallow
tropical or subtropical waters {estuaries, reefs, shelf areas, lagoons, etc ) Man's
relationship to the resource consists of harvesting, processing and marketing,
and,or consuming it. Harvesting usually takes place from small boats (often non-
motorized) which have been built from indigenous materials and designs The
fishing gear is often simple, consisting of fixed nets or traps, hook and line, and
simple towed gear. The processing and marketing is variable, with most
fishermen selling their catch on the beach or in port for cash. The above concept
of a small-scale fisheries system is in keeping with the FAQ (COFI,74/9) objec-
tive and definitions, which suggest that small-scale fisheries in developing areas
must be treated as part of the overalf rural cevelopment. However, development
in the sense of increased production of fish could well not be a primary objective
of this development. The Committee for Inland Fisheries of Africa {CIFA) has
also stressed the concept of an integrated FAQ approach to the development of
artisanal fisheries, which explicitly considers the social and economic aspects of
the fishing community. Rothschild (1973) has outlined certain broad questions of
strategy in fishery management and development into which the above concepts
seem to fit rather well.

If we accept, for the present, the above-mentioned broad concepts and ob-
jectives of small-scale fisheries, then it seems apparent that the traditional
methodologies of fisheries stock assessment are only a part of this system, and,
furthermore, some of the traditional objectives and methods of stock assessment
may be open to question as applied to small-scale fisheries.

Conventional stock assessment is concerned with problems of estimating
the important parameters (growth, mortality, recruitment) of fish populations
and using these estimates to determine the total catch, and how the catch and
catch per unit of effort vary with changes in the pattern of fishing. Before
population theory can be applied to a particular fishery, it is necessary to deter-
mine to what extent the population and the fishery based on it can be treated as
a unit system. The usual models of stock assessment work (either the dynamic
pool model or the stock production model) are single-species models based on
the concept of a unit stock. Pauly (1977) has recently reviewed tropical
multispecies stocks and managerial models with emphasis on demersal fisheries.
In materiai which follows, it will be demonstrated that tropical small-scale
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fisheries consist of a very large number of species, that many tropical fisheries
(especially reet and lagoon fisheries) explort relatively local stocks in relatively
fragile environments, and that the nature of recruitment and other parameter
estimates are sutficiently unique in the tropics to raise serious questions about
the direct apphication of vonventional stock asssssment methodology for
management purposes 1n tropical small-scale fisheries located in reef and
coastal areas

The definitions of Clark and Lackey (1974) are recommended as useful in
forming a basis tor considering smalt-scale fishertes. Fisheries are defined as
systems consisting of aquatic biota, the aquatic environment, and man, interact-
ing through time and space bisheries management, of which stock assessment is
a part, is the science of making and implementing decisions to maintdin or alter
the structure, dvnomics, and interactions of fisheries components to achieve
specific human objectives More recently, Lackey (1979) has proposed an equa-
tion as a basic theory of fisheries, stated as

de\ =1 (X'l‘ ,\'2, 'Xm l Y1' Y." 'Yn)

where

Q 1s some measure of societal benefit,
X is a management decision variable, and
Y is a management constraint variable

The vertical line reads “given that.” The theory states that (he greatest societal
benefit (Q) from a fishery can be realized by manipulating a series of decision
variables (X's) given a set of constraints (Y's). Controlled or partially controlled
decision variables (X's) include management techniques (such as size or gear
limits, environmental stabilization or improveent, etc.). Noncontrolled deci-
sion variables are random, or dependent on other factors. These include weather
effects or industrial development. [t is clear from the above that Q is not simply
a measure of yield but may involve many additional components. The objectives
of fisheries stock assessment must be clearly stated, be specific, and be quan-
tifiable by some means to be effectively evaluated.

The complexity of small-scale fisheries as systems to be managed seems
clear from the above material. How to model and quantify the activities
associated with management in the context of small-scale fisheries remains to be
further resolved.

Objectives

The objectives of this report are to consider some aspects of the manage-
ment of small-scale fisheries as defined above, by briefly reviewing some
features of the physical environment and biology of small-scale fisheries
{especially as related to reefs and adjacent areas), and providing sume sugges-
tions for future studies which take environmental considerations into account.
Much of the material which follows relates primarily to reef and estuarine en-
vironments, rather than to tropical continental shelf environments and their
fisheries, which Pauly (1979) has recently described and which have somewhat
different management requirements.
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Environments of Small-Scale Fisheries

General

Most small-scale fisheries are located in tropical or subtropical regions.
However, much of the available limnological and oceanographic information
concerning the environments of fisheries is from temperate regions. The
temperate region of the oceans corresponds to a band of westerlies where there
are strong winter storms. These strong winds induce a major current, the West
Wind Drift. Extensive mixing occurs, and a marine food chain which includes
large fish populations is supported in this region. In contrast, there is a monsoon
circulation, which is especially well developed over South=ast Asia and India,
which results from warming and cooling of the Asian land mass. The effect of the
monsoon climate on fisheries is not as well understood. It appears that there are
some fundamental differences, in both marine and freshwater environments and
their living resources, between tropical and temperate regions. These should be
carefully considered in attempting to as ess fish production and in developing
management strategies. Some of these ervironmental conditions have been ana-
lyzed by Weber (1976), who demcisi.ated that the major spawning activity of
tropical fishes in monsoon climates can be induced 1) by strong wind and heavy
rainfall, and 2) by low values of water temperature and salinity. However, not all
species are affected similarly. Furthermore, details concerning the physical en-
vironment of many tropical fisheries are still lacking. Some of these en-
vironments and their properties will be briefly mentioned in the context of
fisheries assessments.

Diversity and the Environment

The high diversity of tropical fish communities has been of considerable
ecological interest for some time. The current ecological concensus is that any
community is an equilibrium community of numerous species whose coexistence
is explained in the theory based on Lotka-Volterra competition and predation
equations (Goel et al., 1971). Recently, Sale (1977) has questioned this and pro-
posed a new concep. of the dynamics of reef fish communities which emphasizes
environmental changes and patch structure of the reefs. He makes two predic-
tions concerning reef fish communities which are considered very important to
any stock assessment or management scheme for small-scale tisheries in these
areas. The first of these is that, at the level of the species, reef fish ~-ommunities
have an unstable structure; i.e., the species composition of the fish at a given site
will not tend to recover following a disturbance (removal or addition of fish). His
reasoning is that the relative abundance of the species of a guild (those species
having similar environmental requirements) is largely the result of chance
recruitment of young which will change from time to time. Thus, the selective re-
moval (by fisiing, for example) of one or more species of a guild may not be fol-
lowed by recovery ~f the original species composition of that site. Sale’s second
prediction is that the diversity of reef fish communities it directly correlated with
the rate of small-scale unpredictable disturbances to the supply of living space.

Both hypotheses lend themselves to empirical testing. The first can be tested
by carefully monitoring selective fishing activity over a reef area and comparing
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the original species composition with that which follows the cessation of fishing
activity. The second hypothesis can be tested by comparing diversity in sheltered
and exposed areas, or by manipulating natural or artificial habitats.

If the stochastic nature of recruttment and replacement of species within
guilds were adequately demonstrated for tropical reef fish communities, this
would have profound effects upon stock assessment models and management
methods. For example, data on species guilds, rather than on ind’vidual species,
might be used in models which treat interacting groups. This would immediately
bring parsimony into the models. Second, the concept of species diversity as an
index of exploitation or perturbation effects would have to be re-examined.
Third, cortrolling and manipuiating fish communities by habitat modification
would have a high probabiiiiv of success in these areas.

In summary, the hvpothesis put forth by Sale should be tested adequately. If
shownp to be correct, it would be important to recognize the stochastic nature of
the tropical fisheries systein (the chance interactions of predators, prey, and the
environment). It would thern become necessary to describe the dynamics of
populations hiving in randomly fluctuating environments Reed (1978) has con-
tributed to this possible solution by developing a stochastic harvesting model
based on a discrete-time Markov population model. Further work in this area is
clearly required if the stochastic nature of tropical fish communities is
demonstrated by future empirical studies Also, the accepted concepts of diver-
sity and stability would need to be revised in this event.

It should be recognized, however, that Sale’s hypotheses are based on data
consisting of refatively small species, and the utility of the hypothesis for
harvested species of larger size remains to be tested as well.

Tropical Estuaries

Rodriquez (1975) stated that tropical climatic conditions reflected in
estuarine hydrodynamics create situations that clearly differentiate tropical
from temperate estuaries. Unfortunately, there is considerably less information
available on tropical than on temperate estuaries. Saila (1975) has summarized
some aspects of fish production and cropping in estuarine systems; his review
was restricted primarily to temperate regions but had some reference to tropical
lagoons

It is apparent that tropical estuaries can be characterized by their peculiar
hydrographic regime- dominated by the seasonality of river flow with a concomi-
tant salinity regime and with uniformly high temperatures. Tropical estuarine
biotic characteristics include a significant effect from organic matter derived
from bordering vegetarica. including mangroves, and from certain regular
migratory events by s>mi bicta.

From a fisheries puint of view, it should be recognized that a substantial
part of the fisheries (especially crustacea) is dependent upon the migratory
movements of populations between the sea and tropical estuarine waters. This
estuarine dependence has been demonstrated for the white shrimp (Penaeus
setiferus) in Texas estuaries by Wey nouth et al. (1933) and by others (Baxter and
Renfro, 1967; Christmas et al., 1966) for U.S. Gulf Coast areas. It is important to
note that similar behavior has been described for other penaeids, such as
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Peneaus schmitti in Venezuela and Penaeus duoderum in Dahomey, West Africa,
as cited by Redriquez (1975)

It has also been demonstrated that a substantial proportion of the estuarine
waters of many large tropical rivers is located outside the mouth of the estuary.
Since tropical oceanic waters are low in productivity, it is worth noting that
tuture fisheries developments of various kinds (including small-scale fisheries)
might be considered in the refatively richer estuarine areas

In general. the fishzs and important invertebrates of tropical estuaries are
nearer their tolerance liinits of high temperature than those in more temperate
areas. This suggests that organisms in tropical estuaries may be considerably less
tolerant ot thermal loadings than temperate estuarine forms. In addition, it ap-
pears that physical modification of tropical estuaries may have serious conse-
quences to fisheries which are estuarine-dependent in some life history stage,
since the unitormly high temperatures and the salinity associated with river flow
would be altered by such modifications.

Coral Reefs

The diversity of fish on tropical coral reefs is probab!y higher than that of
any other marine ecosystem. The total number of species for a coral reef is
variable, and the range has been estimated from about 320 species for a small
island like Barbados in the West Indies to about 600 to 800 for a Caribbean con-
tinental fauna to over 2,000 species for a large island or continental barrier reef
in the Pacific (Emery, 1978).

Topographic relief on coral reefs is very high There appear to be differences
in the growth of coral reefs, typified by the atoll and continental barrier forms,
but the elements of constri:ction are essentially similar. Reef topography may be
an important determinant of fish communities and needs further study.

Because of the large variety of habitats, the problem of describing the
nature of reef fish populations by depth regions is not straightforward. However,
Emery (1978) has attempted this, and the following is adapted from his analysis:

Zone 1. Shallow, Wave-Torn Area

Presence of two fish types: those which utilize obstructions to water move-
ment and take cover in areas of reduced flow (typical families include
blennids, clinids, gobies, scorpaenids, gobiesocids), and those which
are highly active and utiiize waves and lateral flow to move over the
reef top (these free swimmers include kyphosids, acanthurids, and some
pomacentrids; also, some carangids and sharks forage in the bubble
zones).

Zone 2. Depths from 2 to 30 Maters

a. There is a large variety of fish taxa, mostly large species groups, schooling
or aggregated.

b. The richness of fauna reaches a peak at 5 to 20 meters and is significantly
reduced at depths of much more than 30 meters.

c. Diversity is lower by night than by day.

d. Representative families include a anthz-ids, labrids, chaetodontids,
pomacentrids, and scerids.
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In reef areas, the free-ranging individuals are often predatory and of large
size.

The significant features of the life history of coral reef fishes have been sum-
marized by Sale (1978) They suggest that reef fishes are limited by suitable living
sk ace; are sedentary as adults, produce frequent clutches of pelagic larvae over
extended breeding seasons; and are widely dispersed as larvae, which op-
portunistically colonize vacant patches of habitat Stock assessment models of
reef fisheries should take these characteristics into account

There seems to be a relatively close coupling between physical oceano-
graphic processes near reefs and the biota of reefs Since the larvae of reef-
dwelling fishes appear to be advected to the reef area after spawning, which
takes place outside the reef, the presence of gyres and the nature of water ¢ircu-
lation are important considerations in the management of reef communities For
example, artificial reefs might be optimally sited if proper data on physical
oceanographic processes were available. In addition, the coral reef environment
ts considered to be tairly vulnerable to degradation and change by man. Some
evidence for destruction of coral areas by silting is available in the literature, and
the recovery of damaged coral areas appear to be very slow, ranging from a
decade to more than 30 years

Inland Waters

Welcomme and Henderson (1976) and Henderson (1976) have summarized
the state of assessment of fish resources of inland waters in developing areas.
Their summary statements indicate that these food fisheries (primarily in tropical
and subtropical regions) are extremely diverse in species and that production in
these environments is highly variable The fisheries appear to be considerably
more changeable than had been previously supposed. Comparative studies
among diverse fisheries and performance monitoring as means for developing ra-
tional management plans are suggested

It has been recognized for some time that measuring the performance of in-
land food fisheries is difficult because of the dispersal of fishing units and the
methods of marketing and disposal of the catch. A demographic approach has
been adopted by FAO, based on frame surveys of fishermen and their equipment
and a stratified random sampling of catches at known intervals. This approach is
considered reliable and of widespread applicability to small-scale fisheries
throughout the world. The methodology is clearly described by Bazigos (1974).

The use of morphoedaphic indexes, based on limnological parameters of
lakes, has been summarized by Ryder et al. (1974). Good correlations between
index values and lake productivity have been demonstrated for a wide latitudinal
range, merely by adjusting a proportionality coefficient in the index term. For
comparative purposes, in small-scale fisheries of reefs, lagoons, estuaries, and
shallow inland areas, it seems that an approach somewhat analogous to the
above for estimating fishery potentials for those areas may be of considerable
utility. The possibilities for developing such index terms should receive further
study.

Henderson and Welcomme (1974) have utilized the number of fishermen
per unit area as an index of fishing intensity, and they have made inferences from
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this material to indicate how close the observed yields are to estimated poten-
tials. Again, this approach seems to have utility, and some work similar to this
has been initiated regarding tropical island fisheries by Munro
Yields of river fisheries have also been studied by means of certain morpho-

edaphic features. One of the best postulated associations appears to be that be-
tween river drainage area and annual catches from refatively large niver system
{(Welcomme, 1978) A recent summary of the Furopean method ot tish harvest
prediction in tluvial svstems has been given by Kobiing (1978) 1t seems that this
method, with some further elaborations, has the potential utility of the lake
morphoedaphic index described previously

Welcomme and Henderson (1976) have reviewed many aspects ot inland
water management for fisheries A brief summary of their work suggests that

1 Water use re'qunvmen'ts' (other than tisheries) must be considered with
tisheries needs This implies that models of these systems must be broad enough
to embrace these alternatives

2 There appears to be a general response of tish communities to fishing or
significant environmental manipulation This s mamitested by a displacement
toward smaller, taster-growing, short-hived species

3 The deision-making processes ininland fisheries often involy e questions
of policy and alternative allocation of resources Such questions can only be ex-
amined in a management context which includes soGioeconomic as well

biological vanables

Habitat Modification

Tropical freshwater and marine habitats and ecosystems may possibly be
manipulated as part of a management strategy for small-scale fisheries of which
stock assessment forms a part In traditional marine fisheries, it is rarely possible
to exert any significant influence on the habitat or the unexploited biota The
only estimated parameters which are manipulated in these fisheries are size at
first capture (size fimits or mesh regulations) and fishing effort In view of the
fact that certain tropical fisheries are pursued over relatively small geographic
areas which contain indigenous fauna, it seems desirable to know more about
the aquatic environments and trophic webs in tropical latitudes. especially ex-
ploitation effects and effects of environmental changes

It should be recognized that habitats of tropical fisheries can often be
enhanced. Artificial reefs and other man-made structures have been used for
centuries to enhance fishing. Ino (1974) has provided a historical review of arti-
ficial reef activities in japan using a diversity of materials. In general, the instal-
lation of artificial reefs is recognized as an important step in the development of
coastal fisheries Their role includes providing habitat for certain orginisms,
nursery areas, and fishing grounds. In the same artificial reef conference, Fast
and Pagan (1974) have indicated that the biomass of artificial reefs in Puerto
Rico was substantially higher than that of natural reefs, although the number of
species was slightly smaller. There is a real need for further work on habitat
manipulation to maintain and/or improve small-scale fisheries by enhancing
desired species or total fish production

Suine interesting initial developments relating to the colonization of de-

66



faunated natural reefs and the factors affecting species assemblages on reefs
have been described by Nolan (1975).

Tropical Fishery Resource Characteristics

General

Johannes (1978) has recently reviewed some reproductive strategies of
marine fishes in the tropics. His major conclusion is that temperate zone models
of reproductive strategy are inapplicable in the tropics. He indicates that intense
predation exerts heavy selection pressure on fishes living in coral reef, mangrove,
or seagrass communities. These fishes spawn at times and lccations which favor
offshore transpo:t of pelagic eggs and larvae to reduce predation. However,
there is a requirement for larvae to return to shallow areas when ready to col-
onize postlarval habitats This is done by concentrating spawning at times when
prevailing winds and currents are weakest, thereby reducing transport losses. In
addition, spawning appears to be concentrated in areas of gyres, which favor
return to the natal location. Lunar and monsoon-related reproductive activity
appears to be common. From the above, it is concluded that there is a relatively
close coupling of meteorological and physical oceanographic phenomena with
the breeding biology of tropical fishes. This has been indicated by Weber (1976),
who suggested specific temperature and salinity influences of monsoon condi-
tions. Erdman {(1976) has provided an extensive review of the spawning patterns
of Caribbean fishes, and concludes that individuals of many marine species
spawn year round, with seasonal peaks once or twice a year. The year-round
spawning activity of East African reef fishes has been recently documented by
Njioka (1979), who draws conclusions very similar to those of Erdman.

Summary

1. A small-scale fishery has been operationally defined as a system con-
sisting of the biota, the aquatic environment, and man, interacting through time
and space. Management in this context consists of maximizing societal benefits
subject to certain decision variables and constraints, including environmental
constraints. This implies a broad operational definition, of which stock assess-
ment forins a part.

2. The apparent coupling between physical environmental conditions and
the reproductive activity of tropical fish seems to be strong, and should be
recognized in assessment methodologies.

3. There is some evidence that the nature of species replacement within
species guilds in tropical fisheries is stochastic. This implies that changes in in-
dices of species diversity may be of limited value, and that vital statistics and
assessment methods might be applied to species groups (guilds) rather than at an
individual species level.

4. Tropical estuaries have been shown to be different from temperate
estuaries, with possibly more significant consequences resulting from perturba-
tions to tropical fisheries which are estuarine-dependent.

5. Cora! reefs and coral reef fisheries are uniquely characterized by op-
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portunistic colonization of a limited habitat by almost continuous input from
dispersed early life history stages.

6. The concept of morphoedaphic indices, adapted from inland fisheries, is
suggested as having utility for stock assessments in small-scale marine fisheries
in coastal areas

7. Habitat modification seems feasible for some tropical small-scale
fisheries as a management and assessment tool and needs further empirical
study.
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Predictive Stock and Catch Assessment for Decision-
making in the Management of Tropical Small-Scale
Fisheries

Karl F. Lagler, University of Michigan

Although fishery scientists generally agree that knowledge of stock size is a
basic predictor of potential catch, “stock assessment” means different things to
different fishery scientists. The meanings and applications range from theoretical
and dynamic to empirical and practical.

In North America and in developing countries of Africa and Southeast Asia,
the time frame of investigation and the need for immediate prediction have led
to the use of standing crop as the basis for the prediction of yield, or vice versa.
At least loosely, “standing crop” is an expression of potential for annual produc-
tion of finfish and, within limits of accuracy that are often determinable, is
something that can be learned with reasonable rapidity for many habitats. In
many of the situations in which the need for prediction has arisen, there are no
catch, biological, or population data on which to base a dynamic, conventional
model approach. An empirical estimate or one based on an existing index (even
though it may need to be adapted for use) has proven to be the quickest, even if
not perhaps the best, means to an end.

In one early study (Lagler and Ricker, 1943), a mark and recapture method
was used to estimate standing crop by species in an oxbow lake in southwestern
Indiana. It was a sport fishery, and the paralle! catch data were obtained by a
coemplete <reel census at the sole point of fishing access to the lake. In order to
relate catch to standing crop by species, estimates of stock size required to pro-
vide different levels of yield in terms of quality of angling success were derived.

Allowing that stock size is a determinant of yield and, further, allowing that
to obtain a given yield a predictable size of stock should be maintained as a
management objective, Lagler and deRoth (1953) undertook to determine
minimum stock of largemouth bass required to provide one legal-sized (ten-inch)
individual for cach hour of angling. This study was done on two artificial ponds
of about 4 ha each in size and drainable by gravity. The standing crops of bass in
each of the ponds were determined by draining the ponds through inclined-plane
screen traps (Wolf, 1951) and returning the bass to the ponds. Separate, com-
plete sport fishing catch statistics were kept for each pond. These indicated that
about 100 legal-sized bass per hectare would enable realization of the one-
keeper-per-sportfisherman-hour objective.

In Southeast Asia in 1964, the absence of catch statistics frustrated attempts
to relate standing crop (as determined by chemofishing) to catch in swamps of
central Thailand. By 1966, the government was gathering catch and standing
crop statistics on a number of swamps and reservoirs. On one of the reservoirs,
shallow 410 km2 Nam Pong in the northeast, standing crops as determined by
quadrat chemofishing have ranged around 300 kg/ha, and have yielded some
2,000 mt/annum. It is interesting that the reported harvest of this multispecies
fishery has remained relatively constant for the past decade, while the number of
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artisanal fishermen has increased from some 1,000 to 8,000! It is also interesting
that the annual catch has fluctuated only little in spite of some change in species
composition of the catch. Inasmuch as stock and catch detern:ine carrying ca-
pacity in terms of the number of fishermen at any prescribed level of earnings,
the foregoing data enable planning and managernent based on desired income
level for the fishermen. In the 1979 economy, this body of water might support
only about 2,000 fishermen, or about one-fourth of the present number. Socio-
political conditions have prevented management of the resource on the basis of
a desired income level.

Stock (standing crop) assessment in various inland, estuarine, and coastal
habitats was performed by a variety of means throughout the Lower Basin of the
Mekong River in Laos, Thailand, Cambodia, and Viet Nam (Lagler, 1976).
Employed principally were measured trawlings, beach seinings, and chemo-
fishing quadrats. Bottom trawls were used in the mainstream Mekong at various
water levels and in inshore waters to depths of some 30 m of the South China Sea,
including the area of the seasonally differing plume of the Mekong River.
Riverine otter trawling was by shrimp try-net, and in the South China Sea by com-
mercial otter gear. Coupled with existing reported values for catch, human con-
sumption, and population, and adjusted by application of the FINS mode! of the
U S. Fish and W:ldlife Service, estimates of standing stock gave catch estimates
of 500,000 metric tons {(mt) for the Lower Mekong Basin, the upstream zone con-
tributing 95,000 mt; the existing reservoirs, 13,000 mt; the downstream fresh-
water, 236,000 mt; and the brackish water, estuarine, and inshore coastal waters,
156,000 mt. These values were used to predict an overall loss of between 32,000
and 48,000 mt, with a 1975 value of between $5 and $6 million, when the planned
extensive water resource development and management plans for the basin are
implemented. These losses could, of course, be more than offset by effective
fishery management and the development of additional aquaculture. The social
costs of the losses in catch and of the shift of the concentrated areas of fish pro-
duction in the basin to future reservoirs upstream were of course pointed out.

In Africa, mostly in the years spanning 1966-71, prediction of fishery yield
potential of new man-made lakes was repeatedly required by governments for
decision-making on investments for research, development, and management. In
the early part of this period, it became the responsibility of FAO to provide
future catch estimates to such governments as Egypt for Lake Nasser, Nigeria for
Lake Kainji, Chana for Lake Volta, Ivory Coast for Lake Kossou, and, later, Zam-
bia for the Kafue Gorge Dam Reservoir. Of the foregoing, except for the Kafue
lake, all were desk-top estimates drawing on general knowledge and, for Lake
Nasser, on the recorded catch from the reservoir itself, which was already one-
third filled by its coffer dam. For Lake Kossou, the estimate was based on ex-
perience with another, smaller impoundment in the country. All of the estimates
served their purpose in predicting the approximate scale of the fisheries and in
helping the governments to obtain UNDP research and development support for
them. It is interesting that none of these estimates has really been proven wrong,
except for Lake Volta. On this lake (and, subsequently, on other African lakes),
FAQ’s fishery statistician George Bazigos developed a frame survey and sam-
pling program. His system estimated the annual catch to be some 40,000 mt, in
contrast to a 20,000 mt prior estimate. Later, colleagues in FAO (Henderson and

71



Welcomme, 1974) improved the precision of yieid estimates and fisherman carry-
ing capacities (effort) by adaptation of existing catch data and temperate-water
morphoedaphic indices of Ryder (1965) and others.

Predictions of the effects of the Kafue Corge Dam on fish stocks and catch
in the reservoir area, including the historically productive upstream Kafue River
Flats, were based on detailed field studies from 1969-71 (Lagler et al., 1971). In
this effort, the multispecies standing crop of fish was determined by chemo-
fishing and beach seining of measured areas at floodwater to be some 96,000 mt,
and at low water some 57,000 mt. The catch from this stock in the same year was
only 7,850 mt, accounting for only a small fraction of the difference between the
stocks of the two periods; the remainder went to natural mortality. The catch in
any year proved to be predictable from the previous year’s extent of area flooded
(extent of floodwaters over the floodplain) or of the flood storage volume. The
potential catch was shown to approximate three times the recorded harvest and
was predicted to be little affected by future operation of the Kafue Gorge Dam.
With the dam in operation, the fishery, as in the past, could harvest annuallyon a
sustainable basis at least a third of the exploitable standing stock as measured at
the time of its high-water maximum.

Practical working predictions of potential catch can be derived from the
behavior of comparable ecosystems, and indices such as those developed for
certain freshwater systems need adaptation or development for rapid evaluation
of small-scale fisheries of coral reefs, lagoons, bays, and other inshore tropical
(and temperate) waters. Practical, simplistic methodologies have provided in-
formation adequate for decisions on management, not unlike the predictive in-
dices of a patient’s well-being that exist in the components of a routine human
medical examination. Prior catch statistics continue to be most valuable in
fishery predictions, quite like the question “How have you been feeling?” in a
medical history. Fxpansion and improvement of systems for fishery catch
statistics must be encouraged. For newborn fisheries, as in new man-made lakes
and in unexploited habitats, there is no “medical history,” and comparable water
areas, existing or newly developed indices, and/or experimental fishing will have
to be used as models. Working catch/stock models should continue to find
primary application to fisheries in various stages of development where popula-
tion, catch, and effort data are available or can be deduced. As such, they are
akin to the special tests that a medical practitioner may call for when a compo-
nent of the routine physical exam turns up an “abnormal” condition. Special
problems exist, of course, for stocks that are highly migratory, strongly
multispecies (including species flocks for which eyeball identification of the in-
dividual species is not possible), or extremely slow-growing.

The foregoing perspective suggests that alternative, viable routines can be
prescribed for predictive purposes adequate to basic fisheries management deci-
sions.

Alternative and/or Complementary Stock Assessment Routines for
Tropical Small-Scale Fisheries

The following outline is a brief compilation of possible methodologies:
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1. Static Procedures*

a. Estimate catch potential from behavior of similar ecosystems for which
data are available and simultaneously estimate the effort (or numbers of
fishermen) that the stock can support.

b. Estimate potential catch from measurement of standing crop (with varia-
tions perhaps allowing 30 to 50% of the stock to be available for annual harvest).

c. Estimate potential catch by application of existing, adapted, or newly
developed indices— morphoedaphic for lakes, inundation zone extent or flood-
water volume in large rivers, etc.

2. Dynamic Procedures”*

Use, adapt, or develop new models for maximum sustainable yield (e.g ,
Schaeffer, Beverton and Holt) when catch, effort, and supporting biological data
are available or obtainable, as in ongoing fisheries.

Initially, the use of static procedures is recommended. Later, dynamic
methods requiring more extensive data bases may be utilized
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Small-Scale Fisheries— Politics and Unfulfilled
Promise

C. Richard Robins, University of Miami

Background

Traditional large-scale commercial fisheries have received the attention of
governments and private industry for a long time. Such fisheries have been
variously studied, managed, and abused. Mechanisms exist to encourage the
search for new resources and the development of new products. The fishery
literature abounds with reports concerning all aspects of the field. Interest in
small-scale and other supplemental fisheries has lagged, and develepment of
such fisheries has been slow, often seemingly thwarted by groups who should be
most supportive of them.

The purpose of this paper is to analyze some problems associated with sup-
plemental fisheries based on experiences in nations bordering the tropical Atlan-
tic. What is related below is not new. Each member of this conference will be
aware of most or all of the points raised. Were it not tor the fact that the prob-
lems remain, that progress is slow, and that attempts by fishery scientists to aid
in research and education are uncoordinated and unsupported by political
bodies, this report would be unnecessary.

Small-scale fisheries are important to the developing nations in that they
enable the poorer people not only to catch food for their own table but to sell the
excess catch and thus earn some income. They are labor-intensive, and this is im-
portant in lesser developed countries where unemployment is high, at least
seasonally, and pay scales very low. The economic impact of small-scale
fisheries is much higher than would be surmised from the size or value of the
catch alone. The small-scale fisheries are also important in that they make addi-
tional food available. The products, both fresh and processed, can be used for
domestic consumption, including the serving of tourists’ desires, and they can be
exported. If the catch is to serve more than family or local needs, it must be
handled properly, transported to a plant, and processed.

The key problem is to develop fish-processing plants that are equipped to
handle a wide variety of fish species and produce a considerable array of fishery
products. At the Vikingos plant in Colombia, the mainstay of the plant is shrimp,
but they routinely handle many fish species (including gobies, cusk-eels, eels,
goatfishes, and many small species of seabasses, snappers, and porgies), and pro-
duce fillets, steaks, fish sticks, cakes, and meal in a variety of packages. Al-
though Vikingos is based on a fleet of commercial trawlers, it utilizes the by-
catch of the trawling fleet. Thus, the plant is a good example of what is needed if
the produce from artisanal fisheries is to supplement in any meaningful way the
nation’s ttal yield in fish products both for domestic consumption and for ex-
port. In my view, too many plants are inadequately equipped and many are de-
pendent on a single fishery and product, such as conch, lobster, or shrimp. Many
are marginal cperations, and upgrading or renovation is based only on past

74



operating experience. Each product seems to be cost-accounted independently.
There is little effort to integrate the fisheries either at the catch or product end.

The real promise of artisanal fisheries lies in combining the yield with that of
traditional commercial fisheries and, by doing so, reducing costs while producing
a useful product.

It does little good to train and equip the family fisherman or to encourage
any type of small-scale fishery if the fisherman has no place to sell his catch at
prices that are meaningful to him in terms of the local economy. As a fishery
scientist interested in resource identification and in training programs, | am
thwarted because, without some cooperative arrangement to finance a proper
fish-processing plant, the proposals that | make are incapable of producing
anything but frustration.

Perhaps the problem has been that we have tried to treat small-scale
fisheries as different from other fisheries. How different are they? They are small
scale, thev involve smaller investments in boats and fishing gear or other equip-
ment. The catch (or culture) methods may be primitive and expensive; they in-
volve a low vyield-to-man-hour ratio. But they involve identificaiion and
harvesting of an aquatic resource, transporting it and handling it to insure a safe
and useful product, and marketing or distributing that product—ez!l familiar
topics to the fishery scientist.

In identifying targets for small-scale fisheries, the fishery scientist should
review all fishery resources, not just those that the local people have previously
exported. Does it matter that Bahamians seem not to like octopus or squid? They
could be trained to catch these cephalopods, and a good product could find a
ready market abroad and in their own international hotels. Ecucation may teach
Bahamiaus to enjoy these products. Squid and octopus are sold in many Miami
restaurants, where 20 years ago none was to be had. Nor is it just the Latin
Americans who are buying them, though they did produce the market.

A second problem area that | see is the lack of integration of target species.
Evaluation of a deeplire fishery in the Bahamas is done independently of other
fisheries. Why cannot a fisherman set his lobster traps and then proceed to the
drop-off for deepline fishing instead of deadheading back to port or anchoring
near the traps? In evaluating boat design for the lobster fisherman, no thought
seems to have been given to dual or multipurpose boats. Many fishes that cannot
be harvested profitably in their own right can provide added incentives and
added profit margin when added to a more secure base such as lobster or conch.
With rising tuel costs, such combined programs could be important in terms of
vield per trip or per gallon of fuel. It could mean the difference between a losing,
a self-supporting, or a profitable fishery.

Small-scale fisheries need economic protection. A small bay or gulf (like
Uraba in Colombia) may harbor sufficient populations of shrimp and groundfish
to sustain 3 to 5 small trawlers of the type used in Biscayne Bay, Florida, in-
definitely. Yet one visit by a large commercial trawler could wipe out the fishery
in a few nights. If a small-scale fishery is developed in areas like Uraba and sup-
port i given to local fishermen for boats and small trawls, then such areas must
be excluded from fishing by others or the fishery will fail and the investment be
fost. Just as riparian rights have been divided along European salmon streams,
certain coastal areas deserve zoning.
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Much of what has been said of siiall-scale fisheries applies to the catch
from recreational fisheries. Each year in the Bahamas, tons of tuna and Lillfishes
rot and are dragged back to sea because there is no way to utilize the catch.
Elsewhere, in Kenya, for examrle, the anglers’ catches are utilized and are a
significant addition to the fish landings in that country.

Since most or all of the points being made are well known in fisheries cir-
cles, there is little point in pursuing details. Clearly, a major problem is one of
communication. Those that can make these fisheries work are the heads of
government, the ministers, the leaders of the legislature. When | have had the op-
portunity to talk to such persons, | have found interest but no real knowledge of
the detailed problems of sriall-scale fisheries.

A final problem that deserves discussion is the need to integrate develop-
rent in coastal countries. Tourism, agriculture, industry, and fisheries are all
subjects of intensive effort in the developing nations, usually by different agen-
cies, and although the effort varies from nation to nation, the first three are being
pursued on a larger scale than fisheries. These programs are often not compati-
ble. It does little good to develop coastal aquaculture or to encourage small-
scale or large-scale fisheries if changing agricultural or industrial activities in the
drainage basin pour chemicals, nutrients, and silt into the coastal waters, ruining
fisheries or rendering the fish products unmarketable because of chenicals taken
up by the fish or shellfish. The coastal zone cannot be separated from the
estuaries, the upstream drainage, and man’s effect on them, since it is the coastal
zone that is the recipient of runoff and its entrained materials. Hotels are built to
attract tourists to places where the waste from expanding urban centers soon
pollutes the waters. Coastal zone management has been a hollow concept in the
developing world.

Also to be considered are riverine fisheries and freshwater aquaculture.
Knowledge of fishes of the large rivers is elementary at best. Few large rivers
have been surveyed in any systematic fashion. Preliminary analysis of catches in
such areas is by category (e.g., catfishes, sharks) rather than by species. Little ef-
fort has been devoted toward identification of local culturable species. Rather,
tilapias have been introduced everywhere, often to the detriment of the in-
digenous fauna. Diseases of man and of fishes have been transported to other
continents. Expansion of fish ponds in Puerto Rico in the 1950s exacerbated the
already serious blood fluke problem. The fisheries for freshwater and marine
tropicals are seldom recognized as true small-scale fisheries. Well over
100,000,000 fishes are imported to the United States annually. Large numbers go
to Western Europe. These fisheries, their impact on the local economy, and their
effect on fish stocks are largeiy unassessed and unmanaged. When one can sell a
four-inch fish for $50, one has a commercial species of the highest order.

Education and training are part of the package in the development of small-
scale fisheries. Yet it must be recognized that when you train someone to repair
outboard motors, etc., you provide him with a ticket to a job in industry or in
another more lucrative government service such as transportation. Until the
number of technicians is increased in an important way, the training of techni-
cians in fisheries in developing nations is likely to be a continuing process.

In this overview, problem areas have been identified in order to broaden the
view of this workshop. At some noint, it is necessary to depart from specific
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discussions of fisheries problerns and to work with political leaders to assist not
only in developing a small-scale fisheries plan for each nation but to participate
in an integrated approach to coastal zone development and management.

Conclusions

1. Small-scale fisheries are bona fide fisherins involving the need for
resource identification, harvesting, processing, marketing, and management.

2. 1f small-scale fisheries are to yield products that serve more than the local
populadion, they must emphasize proper handling of catches, and provide
refrigeration at local collection site. and transportation to processing plants.

3. Since small-scale fisheries can carcely be expected to support processing
plants, they will succeed when they can be tied to other fisheries, preferably with
a lead product. In such cases, they will provide a diversity in products, a hedge
against seasonal surges in the principal catch, and added economic benefits.

4. Ineach country, special attentior. should be given to combined fishing ef-
fort in which a boat sets its {obster traps or fish pots and then proceeds to fish in
nearby deeper waters for fishes or squid during the night.

5. Recreational fisheries and small-scale aquaculture are an integral part of
small-scale fisheries in terms of storing, transporting, processing, and marketing
catches

6 Integration of programs for fisheries development with those for industry,
agriculture, and tourism is important if serious conflicts are to be avoided.
Proper coastal zone management requires integrated planning

7. The aquarium fish industry is an important small-scale fisheries, although
it is fundamentally different, since it involves the catching and transportation of
live animals
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Perspectives on Minimal Data Requirements for
Aguatic Resource Management in Developing
Countries

Norman |. Wilimovsky, University of British Columbia, Vancouver

Abstract

The central thrust of this paper is that most fishery planning and manage-
ment is carried out on a piecemeal or fragmented basis, with the consequence
that the data collected often are inadequate for the overall purpose of managing
the resource. Further, the data collected are ineffectively communicated. Mini-
mal data requirements which might facilitate effective management, as well as a
number of suggested areas of research, training, and cooperation, are suggested
for the use of the international aid comnunity

Introduction

It has been argued that in the case of most aquatic resources sufficic  iata
are not available for effective management, which in turn results in the non-
management (and, occasionally, mismanagement) of resources. A wide variety
of causes have been cited to explain this state of affairs. The object of this
presentation is to sug,est that obtaining adequate data for resource manage-
ment depends on an overall approach to the requirements of management in-
stead of the piecemeal or partial approach to the problem so prevalent today.
Further, areas in which minimal information could substantially improve man-
agement of small-scale fisheries are recommended Some of the following
material was developed with the aid of an award from the lzaak Walton Killam
Fund for Advanced Studies, which | wish to acknowledge with gratitude

Some Basic Precepts

In meeting management goals it is apparent that the existing small-scale and
artisanal fisheries must be upgraded but, insofar as possible, not enlarged. To
avoid further hardship to the artisanal fisherman, any industrial fishery should
evolve from the existing fishery and not be superimposed on it.

Management may be defined as the function of planning, organizing, co-
ordinating, directing, controlling, and supervising to reach a given result. It must
be recognized at the outset that in frshery management value to society in the
broad sense is the overall goal. This means that the short-term policy objectives
should be consistent with the long-range societal goals, whether these be the ac-
quisition of capital, maintenance of a protein base, raising of living standards, or
some combination of these elements. Usually conservation, as manifested
through the long-range maintenance of sufficient stock size of the aquatic
resource, is inherent in any such principle.

Given policy goals and the strategic objectives which follow from them,
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management 1s essentially a decision-making task The information, knowledge,
and wisdom applied to decision-making are based on available data It should be
recognized that data are no more than a representation of facts, and until pro-
cessed, interpreted, and communicated, they do not represent information upon
which decisions can be based The manner in which information is conveyed to
the user essentially and effectively controls the degree to which one receives,
understands, and accepts the inforraation as knowledge The abihity to use or ap-
ply knowledge in an inteliigent manner through the use of judgment, insight, and
experience, collectively termed wisdom, is not the subject of this paper

My definitions of these terms follow their usual use in the information
science community

Management 1s perceived as a wide variety of activities, depending on the
chient or user It is fundamental and essential that management and planning
proceed 1n a hierarchical fashion, defining the information requirements if the
data are to meet the criteria of scope and relevance, timeliness, accuracy, and
precision As an example, because the degree of uncertainty of each input ele-
ment is additive, if several elements contribute to a final decision which should
be correct to ten nercent, then each element must be collectea with substantially
less than ten percent error If the data are dependent upon a variety of sources
which can only be collected at some gross level of measurement, the result will
be accordingly affected The failure to look at the cost and benefit of incremen-
tal improvement of varying levels of accuracy on overall need results in pro-
grams in which some data are collected to several decimal places and then com-
bined with otkar data comprised only of gross guesses. Unhappily, this is the
usual case It s to be emphasized that these same statements relate to timeliness
with equal it not more validity. However appropriate, knowledge unavailable for
decision-making because it is still in the process of analysis is for all purposes
useless

The essence of the foregoing is that effective management requires an
overall view of the information needed for decision-making, combined with a
statement of acceptable levels of accuracy, precision, and timeliness for data ac-
quisition Failure to do this can only result in incomplete, inadequate informa-
tion, at costs which are not justifiable Such planning and management cannot
take place in the vacuum of a single discipline. The development of a fishery
from assessment of stock, catch, processing, and transport to marketing must be
coordinated or there can be negative consequences, perhaps irreversible ones,
for the fisherman and for national goals.

There is an urgent need for the application of sequential and other ap-
oropriate sampling techniques, whereby when the given level of precision is
reached the program can be stopped. Some information is required on a continu-
ing basis, but 'n many other cases, through failure to express a desired level of
accuracy and precision, data collection goes on “forever.” The professed need
for more study and data has contributed to the frequently existing credibility gap
between the fishery scientist and the senior managers. It is important to know
when to terminate a program in terms of return-on-data improvement.

Four categories of management information can be recognized (examples
given are from the biological area and could be expanded to any of the manage-
ment components):
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1. Immediate Management. The monitoring of the activity agamst the ob-
jective or goal Primarily, this comprises the measurement of rates ot removal by
measuring effort and catch It is to be emphasized that the operative word here is
“catch” and not “landings.” This information requirement has a continuing need
for data on an up-to-date basis

2. Safe-fail Information. The ability to determine the state of the resource;
when rapid cessation of an activity should be enforced and alternative or con-
tingency plans implemented The data required to monitor the state of the
resource may include information such as stock size and extent of spawning,
recruitment, mortaliy rates, and/or environmental factors such as pollution.
Data acquisition usually requires some form of standardized survey approach. |
distinguish between safe-fail and fail-safe in that the former allows one to
recover to the original state, whereas the latter only assures that one does not get
further into trouble. Their differ'ng data requirements are substantial. Both in-
volve centinuous data acquisition programs

3. Remedial, Improvemert, and Enhancement Activities. Data which in-
volve a wide variety of environmental technica! information. Data needs are
usually intermittent and not required for an extended basis

4. Research and Development Data acquisition which covers the broad
range of fundamental and applied research in fisheries, designed to solve prob-
lems existing within the previous three categories

The appropriateness of these categor.ies becomes clear when the re-
quirements of data in terms of relevance, timeliness, accuracy, and precision to
information needs are considered From a statistical viewpoint, the selection of
data needs is particularly revealing in the manner in which these categories
reflect a breakdown into enumerative and analytical components As the statisti-
cian Deming stresses, the confounding ot these two data types in terms of predic-
tive accuracy continues to elude many statistical texts

The key element of effective management is communication; ie., im-
plementing the decision actien, the ability to bring about change in a readily ac-
ceptable fashion This may be translated as the authority to act, the ability to
act, the desire to act.

Even under adverse conditions there is an overwhelming tendency to main-
tain the status quo rather than to make a decision for change. This frequent
response is directly traceable to ineffectual communication of information
and/or to the upgrading of knowledge to a poirt where the action is recognized
as desirable. The issues involve clarity, ease of comprehension, and acceptability
and credibility of the results. Ignoring these factors has often led tc the collec-
tion of too many data in the context of need, which are frequently unorganized,
inconsistent, and have no hope of reduction or interpretation. The inevitable
consequence is that no use of them is possible in decision-making. It is a sad fact
that many policy makers do not rely on their own organization’s output to help
with the requirements of decision-making ard management.

Communication of resource and monitoring infarmation to the senior ex-
ecutive poses special problems. Relevancy, acceptability, and cost of uncer-
tainty all need attention. Chernov, while at Stanfcrd, suggested a novel approach
to multidimensional data with which we have been experimenting. His develop-
ment makes use of the ability common to most humans of recognizing subtle dif-
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ferences in the human face. This technique permits recognition of changes in the
monitored information on environment and catch before they can be detected
and demonstrated in a more conventional manner. More important, it allows an
administrator to see in a single picture the overall weighted estimates rather than
a single factor A number of formats including fish and invertebrates have been
used in the hope that prompt information added to a ime series of past per-
formance would alert a manager to the state of any resource change.

The essence of the foregoing is that communication in a reliable and accept-
able fa.hion is an inherent part of the data problem and that in general we have
failed to demonstrate the cost of uncertainty in decision-making effectively. In
particular, there should be more attention given to the feasibiiity of using natural
and man-induced fluctuations in adaptive or experimental management. Only in
fishery science is practical field implementation and testing of theory ap-
proached with such trepidation.

Opportunities for the International Aid Community in Assisting the
Management of the Small-Scale Fisheries

Conversion of these principles to practical implementation is possible in a
nuniber of ways Information needs in fisheries can be grouped into three broad
classes: 1) biologiral, 2) technological, and 3) institutional. Examples from each
suggest the basic data requirements

Approaches to Some Biological Questions

In the first category of information, a measure of fishing activity is the goal:
e, effort, catching power, und catch are the minimal data elements to be ob-
tained to determine extraction rate Estimates of the number of units of most
small-scale gear can be obtained through aerial reconnaissance. This is a cost-
etfective method, permitting rapid acquisition of this information with high
levels of accuracy The role of the international aid community could be to pro-
vide training tilms and simulations in enumeration and recognition techniques,
thus saving the time ordinarily needed by new observers tc gain experience in
recognizing and counting gear type when using aircraft as a platform.

The catch effectiveness of different gear types needs to be established
regionally Information on small-scale and/or artisanal fishing power is ex-
tremely poor The estimates of catching power of sume canoes and lift nets vary
by more than two orders of magnitude Single or infrequently repeated studies
would meet initial requirements These data applied to samples of the catch
could be extrapolated to provide an estimate of total catch

Lffective sampling of catch poses a somewhat more difficult but not intrac-
table problem involving the frame, frequency of sampling, and identification of
catch both to species groups and to weight.

While a long way from developing formalized models of tropical
multispecies fisheries, it is clear that included in the information needed are data
on composition of catch by species groups in relation to total effort. This re-
quires knowledge of fish types, not necessarily to species but to general group-
ings. FAO and other agencies have made laudable efforts in terms of identifica-
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tion and sampling manuals, but the presence of these guides in field stations is
far too rare to make their use common. The international aid community could
contribute significantly by developing training programs in improved sampling
techniques, in identification of species groups, in weight and number estimation,
as well as in the processing of basic sample data. This processing can be carried
out intelligently by persons who have had no advanced training in mathematics
or ichthyology; they only have to be aware of the meaning of each phase of the
task. It would appear that there is ample skill at many regional headquarters to
design the sampling programs but inadequate numbers of trained personnel to
carry them out.

In many areas, much greater use can be made of the catch of small fishes by
processing them instead of disposing of them as trash. Implementation of new
processing procedures depends on understanding the composition and relative
abundance of the various types over the seasons. The primary information is ob-
tainable on a one-time basis. As it is a common problem, a series of workshops
with representatives from many regions might serve to facilitate analyses and
collection of such data

Unfortunately, unlike many sampling programs, monitoring of the catch
must be carried out on a continuing basis. Convincing bankers, administrators,
and planners of the importance and fundamental need for programs to obtain
such information in competition with more “visible” projects is one of the most
challenging tasks facing the fishery manager today. Yet, thus far, there appears
to have been no truly effective way to include data acquisition programs among
the shopping lists so dear to some planners and some aid agencies.

Approaches to Some Technological Questions

Bettering catches requires development of a stable outlet for harvest. Pro-
cessing and preparation relate directly to landing sites and physical facilities,
particularly sanitation and icing. These in turn involve water and power. The
final stage of distribution to markets involves transportation. The difficult task
of integration is often made even more intractable by problems of local
geography Nevertheless, there are challenging and exciting opportunities for the
development of small, maintenance-free, refrigerated trucks, and ice plants of
three to five tons for use in this capacity. The typical introduction of large
industrial-scale plants, refrigeration units, and transportation systems is inap-
propriate to most small-scale fisheries.

Programs for improving basic fish processing often involve the installation
of relatively complex fish dryers. Instead of this superimposition of technology,
staged upgrading might be a better mode of progression. Plastic, two-layer Dibbs
dryers, which only require the sun for energy, are low-cost, virtually
maintenance-free, and would make available a means of upgrading dry fish pro-
ducts to all fishermen. In some areas, mechanical dryers have been proposed,
and to cope with oil shortages, conversion to wood has been suggested. Yet, in
many parts of the world wood is in limited supply and needed for cooking fuel.
One might get the impression that the fishery scientist fails to communicate with
the forestry scientist.
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Approaches to Some Institutional Questions

The Development of Regional, Provincial, and Interprovincial Fisherv Plans.
There is an urgent need for integrated fishery planning and management To
assist in the development of such plans, a series of workshops and tramimg ses
stons might be held for provincial fishery officials and responsib'e planners to im
prove thewr skills in these areas Emphasis should be placed on developing o
dialogue among various provincial planning groups while preparing a workable,
cost-effective strategic plan

Effective Organization of Fishery Services. Many improvements might be o
complished through the organization of tishery services on an operational basis
The need to provide incentives for senmior statf to work m distant and ditticuly
areas s paramount A clear opportunity exists for the upgrading ot tisheny per
sonnel in management skill and data analysis An etticient means ot traming and
avoidimg national and mstitutional barriers would be to make use of a mobile
traming base paralleling the concept ot the hospital ship Hope. This would pro-
vide for the greatest possible tlexibidity, but would be more expensive than
holding localized tramming sessions The value ot such programs and the ad-
vantage ot demonstrating techmques with modern ganung procedures were al-
lustrated in a management workshop recently sponsored by the Southeast Asia
Fisheries Development and Economic Commission (SEAFDEC) in the Philippines.

Implementation of management decisions requires the strategic need of
recognition and delegation of authority at the requisite political level. This im-
plies adequate compensation for the fishery worker, who in many countries to-
day must seek outside employment to make financial ends meet. Critical mass
funding for a few well-chosen projects in lieu of inadequate funding for a broad
variety of programs is the hard solution necessary The concept of critical mass
cannot be overemphasized. If adequate personnel and funding over sufficient
time are not made available to carry out a given task effectively, there is no point
in its inauguration Further lack of authoritative management can only result in
jurisdictional competition and operational confusion. The leadership and
necessary authority for such projects can only be developed on a regional basis.

New ways of communicating management concerns to the fishermen and
the public should be explored. The misapprehension over the use of ice in many
tropical countries is an area of communication in which the international aid
community could play a fundamental role. Extension techniques such as the use
of animated posters, an adult comic book approach, and similar media tech-
niques might bridge the gap where local dialects prove a barrier to more usual
but less effective communication.

The yield of many net fisheries could be improved by changing lift fre-
quency and mesh size. Implementing any such modifications will require con-
siderable extension and demonstration effort.

There is an urgent need to demonstrate publicly the detrimental effect of us-
ing fine-mesh material or “’blue cloth”” on the young of commercially important
species. The feasibility of an exchange and/or subsidy program for replacing
such gear should be examined.

The apparent limitation on the dissemination of results of research,
statistics, and raw data can be observed throughout the developing world. Both
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governments and universities must take responsibility. No doubt this is often a
consequence of the lack of funds for printing and insufficient copies available,
but in many instances stocks of supplies remain uncirculated while obtaining
copies through normal channels is almost impossible. An open stance should be
taken so that publications are widely disseminated throughout the region as well
as “outside” to stimulate the exchange of information, criticism, and credit, and
to test the veracity of results. The effect on staff morale would be striking

Village Extension Programs. There is considerable scope for research on effective
ways of training people, ranging from fishermen to distributors, in methods of
gear improvement, fish handling, quality control, and the elements of practical
economics and finance. In spite of the success of terrestrial agricultural exten-
sion programs, fishery extension has remained relatively weak in terms of effec-
tiveness. A notable exception is the approach being taken by the Bureau of
Fisheries in the Philippines, whose techniques deserve careful attention

It is important to re-emphasize that aid can be effective only in a par-
ticipatory mode “Upgrading” should be the key word, not “superimposition.”
Involvement and participation in planning and in decision-making programs by
people who are in authority to act 1s essential to any international aid activity. In
the broadest possible context, there is a need to stress the maintenance features
of data acquisition programs, whether they are statistical or mechanical This im-
plies that the transter of technology must involve understanding as well as opera-
tion. A fish dryer standing idle because of some minor mechanical flaw is no gift
at all but a glaring demonstration of the ineffectiveness of a training program.
Less obvious but more serious are the unrecoverable errors resulting from
perpetuation of avoidable lapses in data acquisition

Special attention should he placed on the problems of size of financial
assistance  As FAO studies show, the minimum loan to fishermen is often too
large to make it generally accessible to those who need it the most. Provision
should be made for operaiing loan funds, as distinct from capital funds. Loan
programs should be directly facilitated at all stages by the responsible agency to
prevent unfair advantage being taken of the fishermen Until training programs
become effective, this will require that the bank negotiations, application forms,
and transfer of funds be done for the fishermen For those living at the sub-
sistence level, incremental loan payment is often a new concept

Improving Fish Distribution and Quality. Computer simulation, econometric
analysis, and field trials should be made of a collector boat system to develop
means of improving the quality of fish supply and income to primary fishermen.
The adopted system might include regular radio broadcasts and market posting
of price information This would contribute to better distribution of fish supplies
and price stabilization, as well as directly contributing to the welfare of the
primary fishermen The argument that communications are inadequate is not
valid, one can g.» to the most distant village in Asia and learn the price of gold
posted in Londor that morning. Until comparative data are available so that
there is a choice among alternatives, waste in small-scale fisheries is likely to re-
main high

Provision for Regional Resource Libraries. The state of library reference services
and materials in outlying areas is deplorable. Methods of bringing notice of perti-
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nent literature to the field investigator is crucial Regional bibliographic facilities
and their means of distribution need improvement urgently With a one-time ef-
fort, a substantial basic reterence library collection could be prepared in
microform For the cost of a microtorm reader (battery-operated), the most dis-
tant field station could hive the tacilities of a central library Because of the
substantial, but one-time, task involved, it might be desirable for several interna-
tional aid organizations to mount a cooperative effort to support a contract with
a firmwhich has access to large libraries for the micro-carding of a fishery library

base

Development of Data-Processing Computer Programs. Because of the parallel
nature ot data reduction and analysis, it would be feasible for the international
aid community to support the development of 4 set of programs to handle com-
mon tvpes of fishery data These programs should be independent of computer
tvpe, thoroughly tested, and wnitten so that any future updates can be made and
be completely transparent to the user At a minimum, there s an urgent need for
regional agreement on a series of editing and verification procedures to assure
quahity ot input data However surprising, a co-equal need 1s to provide a series
of test data so that those constructing their own analytical systems can be sure of
consistent and comparable results This is a nontrivial matter

Basic Understanding of Fishermen. While all the foregoing may perhaps be a
useful start, there is a fundamental lack of understanding in the fishery manage-
ment community of the nature of the participants of most fisheries. It is hardly
possible to manage for societal long-term needs when so little is known about the
innate behavior of the primary unit. Understanding is basic to communication.
Both developed and developing nations have a poor record of success in con-
vincing fishermen of the value of management measures Some exciting work is
being done by groups working at the University of Tokyo, and more recently at
the Universities of Oregon and Rhode Island, on the acquisition of what is
generally called in fishery anthropology an ““ethnographic profile.” (Better, more
expressive terms, perhaps like those used in the field of ergonomics, are needed.)
Knowing more of the behavior, perceptions, and desires of the fishermen could
lead, or substantially contribute, to the elimination of this major gap in com-
munication.

In many small-scale and artisanal fisheries, fishermen occupy a low position
in the society of the region. Their perceived existence is in poorer terms than are
other trades or professions, perhaps in part explaining their dependence on mi:i-
dlemen for a wide range of social support. A number of countries are devel.ping
programs which promote fisheries as a reputable occupation and emphasize the
important role fishermen play in society. This is another area of anthropological
research with significant practical potential. While the role of the middleman
will never be eliminated, which is suggested as desirable by some national
policies, increasing the earnings of fishermen while maintaining reasonably
stable consumer prices will require a fundamental change in market infrastruc-
ture. This can only come about when small-scale fishermen reach an appropriate
stage of sophistication a*J self-esteem; again, a problem of effective com-
munication.
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The Utility of Isolated Data Sets

The literature of the optical industry implies and suggests the existence of a
helicopter-borne high-power laser developed for the military which is capable of
penetrating the sea to considerable depth. Let us assume that a helicopter equip-
ped with such a laser is availible to the fishery manager and that he covers the
sea area of interest in the brief time needed to fly over it—searching, apparently,
can take place at high rates of speed. Knowing the distribution of the fish stocks
and having a measure of mean density would allow the application of the usual
familiar methods of aerial stock assessment.

If the stock assessment data for any artisanal fishery of your choice were
available, what would be the best way to handle 1t? How would management of
small-scale fisheries differ from what 1s being done now? Is there any rational
framework to form 1 basis for clear action and its implementation? Would the
action be acceptable to the local people?

Fishery scientists may be seeking the wrong information or only part of the
information needed. If stock information is wanted, infrequent aerial surveys of
gear, a series of measures of catching power, and a program of adequate sam-
pling are afl that are required for most small-scale fisheries and these are
achievable today. Would this information be sufficient to improve fisheries
management significantly?

Probably not. While important in itself, stock assessment is only part of the
answer; all the components of aquatic resource management need to be con-
sidered and upgraded more or less simultaneously.
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Approaches to Some Problem Areas in Tropical
Small-Scale Fisheries

James D. Parrish, U.S. Fish and Wildlife Service, University of Hawaii

The problems facing development and management of tropical small-scale
fisheries are many and varied. Often these include infrastructure, matters
political and financial (especially relating to sources of capital and marketing
options), and cultural attitudes This paper will be concerned only with the con-
siderable biological problems in such a fishery These tend to fall into two
classes: those related to life history information (and the scarcity thereof) and
those related to population and community dynamics.

Life History

A problem encountered continuously in tropical small-scale fisheries is a
serious lack of the type of basic life history information that is well known for
almost every species of any commercial importance in developed temperate
fisheries. This information gap persists despite the fact that most of the tropical
species in question have been fished locally for hundreds of years. It is fostered
by 1) the multiplicity of species taken together in the fishery, 2} the historic
shortage of trained fishery workers in the areas, and 3} the relatively small finan-
cial resources involved in the fishery.

In some cases, the very identification of the species as a recognizable, re-
producing unit is so doubtful that it seriously hinders fishery analysis. Thit is par-
ticularly true among some of the scarids and carangids, both important food
fishes in much of the tropics. For example, in Hawaii fishermen almost never at-
tempt to distinguish among any of the scarids caught, and some basic taxonomic
questions remain to be resolved among the economically important genera
Caranx and Carangoides. Worse yet, even where good taxonomic distinctions per-
mit relatively easy field identification, catch reports often lump related species
grossly. In Hawaii, all species of scarids are reported together as “uhu,” and 11
species of carangids are reported under the heading of “ulua.” Neither the
population parameters of individual stocks nor the nature of species interactions
can be properly determined without better separation of biological entitie:. Both
aspects of this problem should be responsive to vigorous application of existing
capabilities, using standard methods.

Until recently, the problem of aging tropical species kas been the source of
more complaint than effort. Within the last few years, however, efforts on
several fronts have produced encouraging results. Efforts have been made to col-
lect adequate series of important species for length-frequency analysis. There
are several somewhat successful examples in the extensive Jamaican work of
Munro (e.g., 1974). Recent successful efforts include Muller’s (1977) work on the
anchovy, Stolephorus heterolobus, in Palau, and McMahon's (1975) work on the
silversides, Pranesus insularum, in Hawaii. There has been renewed, serious work
on the effective use of hard parts; e.g., Munro (1974) on scales and otoliths of a
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variety of Caribbean species, Sylvester (1969) on scales of several Hawaiian
species, Stevens (1979) and Taylor {unpublished) on vertebrate of sharks, and
Nagelkerken (1976) on scales of the grouper Petrometopon cruentatum.

One of the most recent and promising aging techniques with hard parts is
the reading of daily rings 'mpressive success was snown by Ralston {1977) with
the Hawaiian butterfly fish, Chaetodon miliaris. and by Brothers et al (1976) with
several tropical species The NMFS Honolulu lab has been operating a systematic
program of this sort for several years One result was to corroborate McMahon's
(1975) length-frequency results while aging a Central Pacific sardine and silver-
sides (Hida and Uchiyama, 1977) Another was Struhsaker and Uchivama's (1976)
work on the Hawaiian nehu, Stolephorus purpureus. A recently completed study
provided a growth curve for the goatfish Parupenieus porphyreus (Moffitt, 1979)
Aging is well along on the deep snapper Pristipomordes filamentosus, and all the
other Hawanan commercial snappers appear to have readable otoliths Othey
species currently in the program for aging include the carangids Seriola dumerili
and tour local Decapterus species, Caran ignobilis and Carangoides ferdau. the
dolphin, Coryphaena hippurus, and the goattish Parupencis pleurostipma.
Williams (personal communication) 1s ¢ urrently working on aging the Marquesan
sardine, Sardinella marquesensis, in Hawdil In »ow cases has it been possible to
corroborate results of daily rnings with an independent method, but the otolith
results in most cases are convincing, at least up to some mavumum readable age
For many species such a maximum Iimitation may have to be accepted Although
daily ring reading is slow and laborious, 1t appears to offer prospects for aging
many tropical species

Because of the recent rapid progress made in scattered locations and the
present pace of development, it seems important that an information exchange
system be implemented so that fishery workers might be aware of recent results
on spectes of interest and become knowledgeable enough i the techniques to
concentrate effectively on local species not previously analyzed

The growth curves and estimates of growth parameters, including L o, , that
these age estimates will permit are extremely important in all fishery analysis and
management  They also permit converting size-at-recruitment and size-at-
maturity data to age data. In a few cases (e g., the extensive Jamaican studies of
Munro, 1974), size-at-maturity is well known Very often it is not known even for
important commercial species. For example, in Ralston’s (1979) analysis of the
Hawaiian commercial bottom fishery, of 13 species treated individually, in-
formation on size-at-maturity could be found for anly three Since a reasonable
estimate is usually obtainable from sampling the catch, this important piece of
management information should be collected in studies of all commercial
species. Size information is generally poorly reported in catch statistics. Catch
reports often require cnly the weight of catch of a species. Even where the
number of individuals is reported every fishery program should include sampling
the catch for size distribution. Among other uses, this will ultimately provide a
historical trend in the size of catch which may be important in assessing the ef-
fect of fishing. Even where a small-scale fishery has operated in an area for many
years, often no better historical data on trends in fish size exist than qualitative
comments of fishermen (“'They used to be bigger”).

Fecundity is usually poorly known for most important species in tropical
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.mall-scale fisheries. (Munro’s 1974 results are a retreshing exception ) [ts deter-
mination 15 comphcated in many cases by extended or multiple spawning
seasons Nevertheless, useful data can be taken trom catch sampling or ex-
perimental tishing over a period ot a year or more, and this should be included in
studies of “hose tishernes

Reproducine timing has historically been very poorly known i tropical
tishery circles  The large number ot speaes, dimiished seasonal cues, and
predominance of more or less pelagic eggs and larvae have created a complex
and bewiddenng prcture The Tanval stages of most species are entirely unknown
in terms ot their sdentity or Lite hustory Larnval taxonomy and ecology are cer-
tamly major areas tor turther study . and a key emphasis tor that study should be
on survival and recrutment of the young to the cdelt habitat For habitats ot
hard substrate (e g, coral reerst evidence appears to be accumulating that for
mamy, demersal species the habiat has a spatial carrying capacity, in terms of
physical mches  that s normalth tully occupied Recruitment ocours as n-
dividual miches are vacated This type ot Lerval ecological study will require long
and sustained ettort to vield practical results

A more mmediaate goal s a reasonable understanding ot the timing ot
reproduction momportant species fmportane progress has recently been made
tor several tish groups (Munro. 1974 Stunro et al |, 1973, Frdman, 1967 1976
Johannes . 19784) These data are based maostly on gonad examinations and oc
¢orrence of concentrations ot eggs and young larvae i the water Johannes
(1978a) has emphasized the local fisherman as an additional intormation source
Spawnimg season for some species may be well known to hishermen beoause 1t
produces aggregation or other changes in fish behavior that are impaortant to the
fisherman s catch Johannes (1978b) has discussed a number of mexpensive ap-
proaches to smali-scale fishery management based on predictable periodic

spawning aggregations

Population and Community Dynamics

One approach to stock assessment that seems to hold promise in many
tropical areas {much more so than in conventional, temperate situations) is
direct, visual enumeration. The basic method was perhaps first published by
Brock (1954) and has subsequently been moditied and used by many in-
vestigators for individua! site studies, usually with ecological orientation. Results
depend upon divers spending fixed times or covering fixed transect distances
underwater anrd recording the number (and sometimes size) of each fish species
of interest seen. The utility of the method is limited to shallow depths (practi-
cally speaking, < 100 feet) and reasonably clear waters, to largely demersal,

ev-visible species, and to substrate tnat is conducive to a reasonably uniform

distribution of fishes at the meso scale. Fortunately, this combination of en-
vironimental conditions and economically important species occurs rather com-
monly in tropical coastal situations Also, temperatures and sea conditions in
tropical coastal areas are often reasonably benign for this man-in-the-sea ap-
proach

If the method is to be effective for stock assessment, personnel must be
highly experienced in the use of SCUBA and in rapid sight identification of many
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species in the water trror due to individual observer bias cannot be eliminated
or guantified entirely, but careful studies (e g . Nolan and Taylor, in press) sug-
gest that such bias does not negate the results of well-executed transect cen-
suses

Procedures must be well standardized A field evaluation study of visual
census techniques was recently «onducted by the Hawau Cooperative Fishery
Research Unit (Nolan and Taylor, in press) tstressed the lack of standardization
among studies to date (Even within the local s rentitic community of Hawan,
transects swum for direct abundance-per-unit-area counts vary from 25 m x 10 m
to 500 vd x 40 ft, and i"ere are many other varations In technique with effedts
that are largely unstudied ) 1he Unit study suggested a most efticient length of
aboui 50 m tfor the completely rocky substrate area In this length, 75% of all
species present and vulnereble to visual (ensus were identifted, the density of
total individuals was as great as that found by census of the entire area, and the
number of uncommon species (< 5 individuals in the sampling “universe”) was
as large as that found by census of the entire area Censuses which recorded only
certain selected species took less than half the underwater time of all-species
censuses, but were no more accurate in estimating population density of “hose
species No significant difference was noted betweer population density, or
species composition when doing hand recording . ersis tape recording of d v

The location ot census sites rmust be carefully selected so as to be represent-
ative of all the different important habitat types present The method appears to
be appropriate for most species of interest only where the bottom otters
reasonably frequent elements of (over (e g. coral, rock, grass beds) Over
featureless, open bottoms. fish density 15 so Tow and the probability of o
currence of fish as infrequent groups is such that transects of reasonable size or
length of time do not cample the distr:bution of fish occurrence well Within
areas of frequent bottom cover, the habitat must still be carefully assessed and
census sites located appropnately A statistically adequate sample size s
necessary Little study has been done in this area, but the Nolan and Taylor (in
press) study indicated that at ‘east two replicates of the 50 m transects were
necessary to estimate 85% of the species present An additional replicate added
few species, if any

In view of the uncontrollable: variables in visual census work, there has been
real concern over its accuracy, e g., the size of change in real abundance that i
detectable. In the Nolan and Taylor study, when a portion (25-30%) of the
population of certain species was removed by spearing, observers using standard
census techniques (and having no knowledge of the manipulation) were able to
detect the changes in population consistently  This result gave credence tc
seasonal variations in population estimates made on the same transect fines—
and sounds a note of caution that even on tropical coral reefs, temporal
(seasonal?) variation may have to be assessed before effects of exploitation can
be well determined.

Methods that rank fish species observed as a function of time rather than
estimating numbers of individuals within a transect area have recently received
aitention (e.g., Jor~s and Thompson, 1978). Nolan and Taylor (in press)
evaluated such a species/time method versus their species/area (fixed transect)
method simultaneously. They found that the species/time method detected 60%

92



more species {(probably due primarily to the diver's freedom to cover a larger
area) The species time method produced only a ranking of species by apparent
abundance —no estimate of absolute abundance Several of the top-ranked
(most abundant) species by the species time method were also among the most
abundant species in area transects, but others were not; 1 e, some species that
probably were widely different in abundance had equal rank by the species time
method

There are a number of rather intensive current survey programs active in
Hawail using visual underwater techniques to estimate relative and absolute
abundance (population density) A project of the University of Hawaii Marine
Option Program has completed field survey, by both area transect and
species time methods, of several sites on Molokai tsland and 1s analyzing the
date (Sanderson et al , in preparation). The results should also be valuable in
comparing the characteristics of the two methods Hobson (1977, 1979) is in the
midst of a several-year study of Hawaii's uninhabited Leeward Islands, which
consists of swimming area transects at several locations on each of several
islands and reefs/shoals in this group and using the results to describe com-
munity structure The author and Dr. Taylor are doing some area transect and
species. time census work in a few selected Leeward [slands sites to provide the
necessary information on species populations to go with our trophic research. An
environmental consulting firm, AECOS, 15 implementing an extended series of

transects focate: <ystere v ally around the various majo: Hawaiian islands as
part of a Corr ot Enzie ~ statewide coral reef inventory (AECOS, 197Ya,
1979b). The ¥ wan Diviae of Fish and Game has done fish census work on a
site-specific b n for mun ears The most extensive effort at present is ir the
Leeward Islan.. . i < cofically directed at assessing unknown potential
fishery resources i ti.o.e unexploited areas (Hawaii Division of Fish and Game,
1978)

All these major census efforts, like all that have gone betore them, are ap-
parently limited in their present scope to determining tish areal density. In the
Division of Fish and Game surveys, data include estimates of fish length, and
weight is estimated by the use of a formula of the form

weight = A (I(*nxg,th)B
Average values of the constants have been calculated from collections over the
years, and data are converted to pounds/acre of a species. The final step to mak-
ing visual transect data meaningful in an assessment program to manage stocks
would be to determine the extent of the bottom areas of each habitat type cen-
sused and use these areas to extrapolate the sample census results and thus
estimate stock size. Even good-quality charts are probably inadequate for this
purpose unless most of the coastal hard bottom area is extraordinarily well
known to the researchers by sight However, high-quality aerial imagery,
together with reasonable ground-truth diving observations, should be adequate.
The Corps of Engineers project in Hawaii (AECOS, 1979a, 1479b) is producing im-
agery that appears to be satisfactory. The fish census data in the project are not
sufficiently quantitative nor sufficiently extensive for rigorous stock assessment,
but some further field work might make such an assessment feasible Perhaps the
closest approach to full application of this technique so far is in the U.S. Peace
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Corps-aided coastal fisheries stock assessment program (Bifna et al., 1979;
Carpenter, personal communication).

However well the work is done, assessment based on visual census will be
biased in favor of demersal, substrate-oriented species, and will estimate pelagic
species, especially the more surface-oriented types, poorly. It will also be poorer
for schooling species and will be inadequate for species that are highly cryptic by
day. As stated earlier, the method is limited to clear, shallow waters and gives
poor results on featureless bottoms. Nevertheless, it seems to have considerable
potential for estimating sizes of some important tropical coastal stocks and has
the significant advantage that stocks of a number of important, potentially in-
teracting species in a community can be estimated together. The Nolan and
Taylor (in press) results indicate that successive censuses are capable of in-
dicating changes in stock size

Obviously, a major research effort is required to estimate the size of a stock,
even for a relatively small island. However, good aerial imagery is becoming in-
creasingly available in many areas If it must be generated from scratch, a one-
time aerial survey is usually adequate z~d can often be done with relatively low-
cost equipment (e g., light aircraft). The field work has two advantages. One is
that workers gain 2 good first-hand idea of the quality of their data and the
nature of the environment, giving the program better real-time feedback than a
surface sampling program usually receives. Second, the nature of the field work
is such that high-quality, low-cost labor may be attracted to it. The participation
in state census work by highly competent University of Hawaii undergraduates
from the Marine Option Program is a case in point.

At greater depths, stock size must be estimated by other, more conventional
means. Although a continuum of depths accurs, in many tropical areas, particu-
larly islands, the species of economic interest that commonly occur in water
shallow enough for visual census are heavily concentrated in these shallower
waters. Similarly, species that support a deep handline fishery are largely
restricted to depths below practical visual census limits. Thus, for purposes of
stock size assessment, acults of the two depth groups may be considered to have
reasonably discrete distributions. The deeper fisheries, it appears, contain
species with less commercial potential; thus, conventional methods using catch
st.tistics may be more appropriate. Traps and handlines are the major gear types
used in nearly all small-scale deeper fishing operations. Space and hauling power
requirements plus distance from shore typically result in larger, more
expensive—thus, fewer— vessels. It is therefore more feasible to get catch and
effort statistics from this deeper fishery. In most small-scale developing fisheries,
catch statistics range from nonexistent to mediocre. Probably all need substan-
tial improvement, especially in the area of effort. Where a deep-water commer-
cial fishery does not exist, there is no alternative to an exploratory fishing pro-
gram. Recent examples in areas that have jong had heavy shallow, inshore fishing
include the surveys by 1) the Commercial Fisheries Laboratory, Department of
Agriculture of Puerto Rico (continuing); 2) the Office of Marine Resources,
Covernment of American Samoa (1967-70; Swerdloff, 1972); 3) the Aquatic and
Wildlife Resources Division, Department of Agriculture of Guam (1967-70;
lkehara et al., 1970); 4) the Honolulu Laboratcry, National Marine Fisheries Ser-
vice, in the Leeward Hawaiian Islands (contint ing).
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For fisheries employing relatively fewer and larger vessels in somewhat
deeper water, semiconventional methods of populztion and yield analysis may
be appropriate. There are still serious problems hindering reliable analysis. The
nature of some of these and a measure of the success now obtainable are ii-
fustrated by the recent analysis of certain Pacific bottom fisheries by Ralston
(1979)

The best data for this study came from Hawaii, where over half a million
monthly catch reports from individual fishermen were available through State
Division of Fish and Game records. Fishermen legally required to report catch in-
clude full-time commercial bottom fishermen, full-time commercial fishermen
who sometimes bottom fish, part-time commercial fishermen, and “'sport” fisher-
men for any incidental catch they sell It is generally believed that catches are
grossly underreported {a common situation in tropical small-scale fisheries).
Since the fishing groups mentioned fish and probably report differently, this
makes the catch statistics problematical even as relative indicators The
numerous purely recreational fishermen do not report their catche., and their un-
quantified impact is probably very substantial. Su.ch a large recreational fishery
is atypical in tropical small-scale systems, but this catch may be analogous to
true subsistence fishing in less developed economies. Fishing effort data were so
poor that the best measure of effort* used in yield analyses was number of tisher-
man, months for the species; i e, the total number of monthly catch reports in
which the species occurred

Species analyzed included cight deep-water snappers, one deep-water
grouper, two goatfishes, Seriola dumerili (Carangidae), and eleven other lumped
species of carangids. Data extracted and summarized for all species included
total annual catch, seasonal catch trends, areas of major catches, and principal
gear types (dominated by handlines). For all species (or species groups), correla-
tions were run on catch per unit effort versus effort 1n four cases, the correlation
was significant at least in some geographical area. A standard Schaeffer stock
production model produced a credible MSY estimate for only two species (or
groups) in only part of the state.

In an effort to improve the reaiism of representing a multispecies fishery, six
major species of broad distribution and high vulnerability to handling were
treated as being fished for simultaneously; i.e., fishing effort expended on any
one of these species during any month was considered imposed on the remaining
five of these species. All except one, a minor species, produced credible correla-
tions of CPUE versus effort. Fox's exponential surplus yield model was applied,
and the resulting yield curves predicted MSY for five of the species. In the five
cases, present fishing effort varied from slightly above to far above MSY

Ralston (1979) also examined the results of the new Samoan offshore fishery
resuiting from the recent fishery development project based on introduction of
powered doris. The catch consisted mainly of snappers from six genera, two
genera of groupers, and two genera of jacks.

E conomically, the modernization program followed a sad but common pat-

*The measure that gave best correlation of catch per unit effort with effort.
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tern: six years after the first dory was built, only one was still actively fishing. All
measures of effort (number of vessels in existence, number reporting, nurnber of
recorded vessel trips, and number of recorded bottom fish trips) showed an in-
crease from 1971 to a peak and then a declire to a 1977 low However, some
measure of fishing impact was possible Over a 17-month period, an estimated
total of 136,000 kg of bottem fish were landed Recorded catch rate dropped
from 310 b trip to 254 b, trip.* Fishermen reported catch rates reduced as much
as half and gererally reported a decrease in the size of fish taken The data were
inadequate for yield analysis, but clearly the stock was significantly affected by
the level of effort applied

InGuam there was no commercial bottom fishing. Reasonably yood data on
catch quantity and gear ty pe were available on a considerable sport fishery, with
data well standardized for the penod 1969-78. Nearly half the catch consisted of
snapper species. The bigeye scad, Trachurops crumenophthalmus, comprised an
average 12% of the catch and other carangids 9%, but both were highly variable
between years. Squirrel fishes (8.5%) and groupers (7.2%) were present every
vear. Over the nine vears, catch showed some ncrease with effort, but not con-
sistently. CPUE showed no consistent trend with time ncr with effort. There was
no indication of an effect of fishing on stock size. However, a separate ex-
perimental fishing program was implemented using a larger vessel both in coastal
waters and on offshore banks The results at one small, solated, submerged,
oceanic pinnacle demonstrated a consistent and drastic decrease in CPUE ovor
the 16-month term of the study for data on all species combined The major
species were four deep-water snappers, one grouper (Epinephelus sp.), and the
jack Caranx lugubris.

Where a truly diverse fishery occurs with strong interactions among species,
adaptations of conventional unit stock methods have limited value. A number of
thec-etical models of interacting species have been devised (e g., Laevastu and
Favorite, 1978a, 1978b: Menshutkin, 1968, Parrish, 1975. Andersen et al., 1973)
Although these models have considerable versatility in representing ecological
processes and can handle rather large groups of species, a commaon problem is
the large and detailed data base required Some much cruder models that require
less detailed data can give insights into the general behavior of multispecies
systems (May et al., 1979, contains a recent discussion). However, it is not clear
what sort of analytical approach provices useful realism at the proper cost in
data requirements for small-scale fisheries

There are two related research approaches that will provide important sup-
port for system models and data that are usetul in more intuitive management
methods. One is basic trophic investigation of systems; i.e, determination (at
least for important species at various life stages) of who eats whom and how
commonly. Such studies will reveal whether predation exerts important effects
on population control and, if 50, how this 1s influenced by exploitation. For ex-
ample, if wrasses eat goatfish eggs and man fishes goatfish but not wrasses, what
is the effect on goatfish stocks? This approach will also reveal the identity of

*Most of the avail=ble catch data are in pcunds of combined bottom fish species.



limiting food resources if they exist and help predict how the food competition
between species responds to exploitation ol one or more competitors Work in
Puerto Rican coastal waters (Parrish and Zimmerman, 1977 and in preparation)
comprised a pilot study of reef i1sh community trophics, including assessment of
invertebrate food supply This work 5 being continued and expanded in Hawaii
(Parrish and Tavylor. 1978)

The other potentially valuable approach is direct, »xperimental manipula-
tion of virgin fish communities in the field Replicate communities in discrete
habitat patches of manageable size could be studied in the pristine state and
then fished for various species and at various levels of effort (including controls
with no fishing) The nopulation structure and trophic structure would be
monitored at intervals. Among other advantages, this would provide opportuni-
ties oi two kinds that almaost never occur in cominercial fisheries: 1) the oppor-
tunity to observe the baseline, pristine condition so as to assess clearly the ef-
fects of fishing, and 2) the opportunity to control the type as well as the intensity
of fishing (e g . experiments with top predator removal versus herbivore removal,
etc.). Admittedly, the extrapolation of the small patch habitats to more extensive
areas holds some uncertainty, but most fishery areas studied are in fact @ part of
some larger range of the species involved Some suitable sites with adequate lo-
gistics still exist for this kind of field experimentation; e g, in the Pacific,
Erewetak Atoll and a number of the Leeward Hawaiian Islands. Some work of
this sort is planned in the latter area on a small scale (Parrish and Taylor, 1978).

Other Problem Areas

Ciguatera

The incidence of ciguatera poisoning from eating tropical food fishes
(especially certain upper-level carnivores) is a major deterrent to further fishery
development in many areas. Some examples are: 1) the exploratory fishing pro-
gram conducted in the U.S. Virgin Islands by the Caribbean Research Institute in
the fate 1960s (Caribbean Research Institute, 1969, 1970), in which the high oc-
currence of toxic tish presented a problem which “makes all others academic”;
2) the offshore dory fishery development in American Samoa, described above
(Ralston, 1979), in which, for example, Lutjanus bohar was one of the most abun-
dant species caught but was not marketed because it is frequently toxic; 3) the
current exploratory fishing program in the almost virgin Leeward Hawaiian
Istands fishery. In the latter program, from a wide spectrum of species tested for
toxicity, resuits ranged from 0 to 100% (moray eels) of specimens toxic. A
number of valuable food species had fairly high incidence of toxicity; e g., the
jack, “Caranx ignobilis,” 11%; the amberjack, Seriola dumerili, 16% . Some large
wrasses such as Cheilinus species and even some herbivores (surgeonfish and par-
rot fish) tested positive.

Furthermore, outbreaks of ciguatera occur sporadically in long-established
fisheries, producing economic deprassion concurrent with the pubiic health
problem. A recent case was the outbreak in the inhabited Hawaiian Islangs in
1978-79 (at least 30 documented cases as of May 1979). Several species were in-
volved, especially Seriola dumerili. This species grows to 57 kg, but the reputa-
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tion for toxicity of fish over about 10 kg makes them hard to marke t Recently
the Honolulu NMFS laboratory has been operating a program of testing for tox-
icity samples which fishermer voiuntarily supply from the market The problem
is much more serious in some tess developed, remote, oceanic islands, where
endemic ciguatera seriously reduces consumption of the major available supply
of protein

Although ciguatera research has been done irregularly over o number of
years, two recent developments suggest that the time s night for another «on-
certed effort to understand the ongins and transmission of aiguatoxin well
enough so that control—or at least detection prediction—will be possible in g
way that will have practical benefits to fisheries The work of Hokama et al
(1977} provides a method for measurement ot toxicity levels in tish flesh without
the inconvenience and uncertaimties of the ¢lassical ¢ rude hioassays (cat, mouse,
and mongoose tests) While the current Hokama radioimmunoassay s hardhy a
tield technique, there is continung progress toward o modification that is
relatively portable and simpler te apply The other key development s the
discovery of a source organism for the toun at the base of the tood ¢hain
(Yasumoto et al, 1979) With the knowledge of at least one source ot toxn and
the tools tor effective detection in hand, a program of resedrch to tie together
the trophic ecology of ciguatera is certamly appropnate and timely  This s par-
ticularly fitting, simce some of the trophic relation: hips among fish species that
are involved are likely to be important in understandimg community dynamics
from a tish production perspoctive

Introduction of Exotic Species

Exotic fishes have been introduced into many areas of the world Often the
purpose Is improvement of sport fishing or some nonfishery objective (e g, in-
sect control, aquatic plant control, decorative value) Freshwater introduc tions
are most common, and there have been many such attempts for aquaculture or
wild fishery enhancement Introductions to augment wild marine tisheres re
much less common, perhaps least of all into the diverse marine fish taunas of the
tropics. However, exotic introduction is a management tool—one that will be
considered where local stocks are depleted — and its effects merit consideration

The experience of Hawaii is instructive. Its isolation by distance and prevail-
ing current systems from the West Pacific faunal sources appears to have pro-
duced a relatively denaupeiate coastal fish fauna, with high endermnism and a
conspicuous lack of shallow-water groupers and snappers. There is also a shoit-
age of suitable baitfish to support the pole-and-line tuna fishery For over 100
vears, there have been attempts to fill Hawaii's perceived needs for additional
aquatic animals by introduction of exotics—at least 70 species released to the
wild as of 1968 (Kanayama, 1968). The success rate, in terms of number of exotic
species maintaining wild reproducing populations of any size, ha: been high— at
least 51%, according to Kanayama.

Fully marine species have heen introduced only since 1955, largely for food
and sport, but also as tuna bait. The success rate has been lower — 4 of 15 (27%).
The successful species, now regularly seen in Hawaiian waters, are the Marque-
san sardine, Sardinella marquesensis (a baitfish); the grouper Cephalopholis
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argus, and the snappers Lutjanus vaigiensis and Lutjanus kasmira. Another bait-
fists (Califorria anchovy), five other groupers, and one other snapper were intro-
duced during the same period. Results varied from no apparent reproduction to
small populations that produce r.egligible catches. The Marquesan sardine has so
far not become sufficizntly abundant to be a reliable bait, but it appears to be on
the increase. Cephalopholis argus and Lutjanus vaigiensis appear regularly in
commercial catches and are well regarded, but they are not abundant enough to
be important commercially. Lutjanus kasmira (popularly called “blueline snap-
per,” or “taape”) had been singularly successful ecologically. Its population has
grown explosively, and it has spread rapidly throughout all the high islands of
Hawaii. It has meved up the Leeward chain as far as Laysan Island (personal
observation, June 1979). Catches have increased exponentially over the 11 years
during which statistics have been kept, despite the fact that effort is rather
desuitory. The market still appears to be unready to absorb nearly all that can be
caught. This may be partly due to the relatively small size of most fish landed but
probably mostly due to the common, illogical market resistance to an unfamiliar
species (this snapper is highly regarded at the source locations in French
Polynesia).

The population success of the taape is obvious. The problems for the fishery
manager are: 1) the low success rate of introduced species in terms of effort to
introduce, 2) the highly dynamic status of the successful population that makes
any kind of conventional production/yield analysis very difficult, 3} the market
acceptance prohlem and resulting uncertainty of fishing effort, 4) the lack of any
capability to control range extension (if this were desirable), 5) a dearth of life
history or ecological information or any sort of fi:f.ary parameters from the
source location, and 6) considerable urncertainty about the interaction develep-
ing with native species. Many of these problems would be common to most intro-
ductions in tropical coastal waters. It seems likely that the success rate would be
lower in areas with more diverse native faunas.

The question of interaction with native species is a critical one for any in-
troduction If the exotic is a potentially important prey or an inferior competitor
to local species, it will not succeed in significant numbers. If it is a potentially
important predator or a superior competitor of local fishery species, its success is
likely to be at the cost of existing native fishery resources. There appea.: to be a
narrow range of situations in which a successful introduction can significantly in-
crease fishery yields; namely, those situations in which the exotic can use largely
unused local resources or use resources much more efficiently in terms of fish
tlesh productivity and does not have critical trophic or habitat interactions with
native fishery species

In the case of Lutjanus kasmira, a current research project (Parrish and Oda,
in preparation) is a beginning toward the analysis of trophic requirements and in-
teractions. A broader study of life history, ecology, and the fishery is envisioned
(Parris and Shang, 1978). Careful studies of this sort should always be done when
any introduction is considered, to reduce the impact of problems (1), (3), {4), (5),
and (6) above.
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Fishery Yields of Coral Reefs and Adjacent Shallow-
Water Environments

Nelson Marshall, University of Rhode Island

Recently, S.V. Smith (1978) estimated that the fisheries potential of reef and
adjacent shallow-water environments is about 6 x 10 kg/yr, or about 9% of
the present annual commercial ocean fish landings. The percentage would be
considerably higher if one were to restrict the estimate to latitudes where reefs
occur and still greater for regions cf reefs exclusively.

Also, although none of the yield information and appraisals thereof (for ex-
ample, Gulland, 1972; Stevenson and Marshall, 1974; FAQ, 1978; and Munro,
1978a) suggest that the coralline areas can sustain yields comparable to those of
the great fishing grounds of the temperate regions, these very extensive tropical
environments are generally accessible to the small-scale fisherman (whose well-
being is of special concern in this workshop) and occur in areas where the need
for food is greatest. Furthermore, because many of these environments cannot be
fished readily with large-scale gear, particularly trawls, they are often the ex-
clusive domain of small operators.

| i I
| A : B ! C
1;_ \‘5‘ - ;.:V MO ol 23\ L
| / REEF LAGOON ! MANGROVE
i ]
|
|

AB-Superecosystem of Cora! Reet and Shallows
ABC-Above System Plus Mangroves
BC-Mangrove Plus Lagoon, Common on

Western Shores

Figure 1. Composite of coral reefs, adjacent shallows, and slope as a superecosystem.

This paper focuses on coral reefs, the adjacent shallows, plus the immediate
slope beyond the reef, a composite which may function as a superecosystem (see
Fig. 1). This is the environment Smith (1978) is apparently emphasizing; it is the
environment Stevenson and Marshall (1974) had in mind; it is the environment in-
volved in Gulland’s (1972) estimates for shelf areas of the Bahamas and the
Caribbean; and much of Munro’s work applies to such a composite system. Some
confusion may arise in trying to exclude from this shallow-water environment the
deep fishing banks not contiguous with corai coasts, since exploratory fishing
and the literature reporting thereon often refcr to such banks, where large
groupers and snappers are to be found. However, since some of these lie far
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beyond the outer reef slope, Smith's (1978) assumption that deep-shelf demersal
fishes derive much of their nutrition from the reefs does not seem altogether
tenable. Fishing many of the deeper banks may be a bi beyond the operating
capabilities of small-scale fishermen, and, thus, beyond the concern of this
workshop.

The superecosystem of the reef and adjacent shallows is a feature amount-
ing to considerably more than the reef per se, and in many locales coastal
mangroves are a major interlocking component cf this system. Further, there are
many tropical areas in which the mangrove input may overshadow that of the
reef, and perhaps such areas are more akin to noncoralline shallows than to the
environments where reefs are featured. In arbitrarily referring to the reet and ad-
jacent shallows superecosystem, it is recognized that a further step in an exer-
cise of this sort should be to differentiate between the potentials of en-
vironments with and those without a mangrove influence.

At one stage in exploring the reef-associated fisheries potential it was hoped
that workers might agree upon a standardized classification of hahitat categories
and could seek thereby to acquire comparable information. A habitat scheme
was suggested by the present author, but other workers promiptly destroyed this
attempt at an ecological taxonomy. They riddled it with exceptions, they sug-
gested modifications so varied that common denominators were impossible. No
doubt some of them will even be reluctant to accept a discussion of the sup-
posed overall average conditions as developed in this paper.

Turning to the fisheries potential of this generalized superecosystem, it i1s
immediately evident that, with the prevailing species diversity, single-species
models do not apply. The next thing to try is the modeling of interacting species,
then a consideration of the yields of multiple, interacting species. Actually,
multiple interactions must be involved in almost every demersal fishery, but,
practically speaking, this has been conveniently ignored where the harvest is
focused on relatively few forms On the other hand, in tropical areas, where the
gear commonly used may take as many as 25 important species and several times
as many more incidental, interacting forms, any anproach failing to assess the
overall potential would be very inadequate.

Thinking of the overall potential, a simple first step is to blend the prospec-
tive yields into biomass and to consider an integrated harvestable yield or sus-
tainable biomass harvest from the superecosystem. For a first approximation of
this integrated harvestable vyield or potential sustained biomass of the
reef/lagoon/mangrove (where it applies) superecosystern, interpretations based
on basic ecology, on abundance observations, on catch data, and on catch
observations have been considesed.

Abundance data are generally of little or no use for this purpose and can
even mislead the unwary. Fish cluster in spectacular concentrations, and can ex-
ceed 300 g/m? in these environments (Stevenson and Marshall, 1974). Though
such concentrations have been the focus of many significant studies of fish
assemblages (not reviewed here}, much of the work of this sort provides very lit-
tle information on the overall adjacent areas required for the support of the
biomass cbserved. Also, abundance or standing stock figures never provide
direct production information, even though some fair guesses might be ventured,
particularly if abundance information is available for the adjacent shallows as
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well as for the reef For example, one mig\.t attempt to calculate yields by assum-
ing that the growth and life span of the species of concern #oproximate those
known for related forms or, as Bayliss-Smith (unpublished ms.) has done,
generalizations might be attempted frorn other work as to the yield level that is
to be expected from a given fish biomass Finally, note must be taken of the fre-
quent interest in using artificial reefs, sometimes rather elaborate in design, to in-
crease the abundance of fish. While one cannot deny some net increments from
such practices, particularly since adequate space and cover are important for
reef fish communities (Sale, 1977), the basic supporting potential of the areas in
question may be limiting, which means that artificial reefs may serve largely as
attractants rather than as production systems.

Attempts to apply a basic € .ological approach to ascertaining the prospec-
tive biomass yield seek the answer to a simple ecological question; namely, what
is the excess of production over respiration for the environments in question? For
reef systems, this approach has attracted considerable attention, since the gross
productivity of coral reefs end the grass flats in adjacent lagoons is about as high
as any found in natural systems A pionecring quantitative evaluation of reefs by
Odum and Odum (1955) was followed somewhat later by the more comprehen-
sive Symbios Expedition (Johannes et al , 1972), which showed one reef tract at
Enewetak to be a shght net consumer, whereas another produced twice its
respiratory demands

As it «tands, st is clear that data on net basic production will have to be far
more extensive, with a consideration of irifluences not well urderstood as yet,
betore such information is used for fishery evaluations For example, ecological
studies of this sor “re not taking into account the response of the ecosystem to

“harvesting practices Ina table in £ P Odum’s (1971) ecology text showing en-

tries both for the production inputs in Long islard Sound and for the respiration
demands, there is very hittle or no net production 1 one were to consider the
Long Island Sound fishesies potential tram such a tabulation, one would con-
clude that no harvests would be possible, yet the Sound is an area from which
gredt quantities, particularly of snellfish, are harvested annually. Marshall (1970)
went through a rather similar tally in making rough estimates of production and
demand for four estuaries in southern New England, and arrnived at demand
tigures that required all the production estimated Knowing that these estuaries
are harvested intensively and continue to sustain good yields of scallops and
other shellfish, as well as flounder, striped bass, and other finfish, he concluded
that, when not harvested, any such system operates as a closed cycle and tends
to consume ts production, whereas harvests can often short-circuit such a
dosed cycle of production and respiration In essence, this means that a system
must be harvested if one is to make an appraisal of its yield potential

Finaliy, there 1s the consideration of catch data Information now available
adds considerably to the summary of such data provided by Stevenson and Mar-
shall (1974) Yields of finfisn approaching or in some places even exceeding 2
tons km2 vrare on the high end of the spectrum, while yields far below this may
represent either underutihization or overfishing Perhaps the best summary of
catches isin Table 3 of Munro's (19784a) paper, which lists the greatest reported
annual catches from Caribbean and Bahamas sites in the period 1964-73 Another
source 15 the suramary for the same areas offered in the report of an FAO
workshop (1978)
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More important than the catch per se are the insights such information may
give regarding yield potential (see Table 1) Munro (1978a}, using a surplus vield
model based on extrapclations in which the number of canoes in the fishery dif-
fered from area to area, gives a figure of 4. 1tons 'km2/yr as the maximum to be
expected in managing present fishery practices off the south coast of jamaica In
the Report of the FAO/IOP Work<hop on the Fishery Resources of the Western
Indian Ocean South of the Equator (1979), catches from Indian Ocean sites are
calculated against trap fishing intensity to suggest a potential harvest of 5
tons/km2/yr Though the latter appraisal is based on sketchy information, the
two approaches reinforce each other. They about equal the maximum yields
Stevenson and Marshall (1974) had noted in reviewing the literature: they are
roughly in accerd with Gulland's (197 1) maxima, calculated from the tabulations
presented, of 2 4 tons/km2/yr and 4 tons for the Bahamas and Caribbean shelf
areas, respectively; and they are similar tc the maximum reported by Bayliss-
Smith 1 a comparison of four atolls and reef-bordered islands with Lakeba, Fiji,
yielding about 4.4 tons/km?2 /yr (unpublished ms )

Table 1. Estimates of potential fisheries yield of coral reefs and adjacent shallow water en-
vironments

41 tons/km2, yr—surpli- yield model from con-
current trap fishing intensities with some recognition
of seine and gitl net catches, i e, demersal plus neritic
pelagic fishes t2ken

Munro (1978)
Scuth of Jamaica

FAO (1978)
Western Indian Ocean

Stevenson and Marshall (1973)
Worldwide

Gulland (1971)

5 tons/km?2/yr—extrapolating from trap catch data,
different areas

47 tons/km? yr—highest yield found, presumably
diverse gear and for both demersal and neritic pelagic
finfish

2.5 tons/km2 /yr for Bahamas, 4 tons for Caribbean —

Caribbean presurnably involves diverse gear, about 80% neritic
pelagic, the balance demersal

Bayliss-Smith (Unpublished) 44 tons/km2/yr—maximum yeld from four atolls

Pacific and reef-bordered 1slands

The canoe fishery analyzed by Munro was largely a trap effort, but other
gear, including seines and gill nets, were involved in the fishery, and he referred
to the potential as including demersal plus pelagic neritic fishes. The FAQ pro-
iection was for traps only. The maxima mentioned by Stevenson and Marshall
and Bayliss-Smith presumably included all fishes and Gulland referred both to
demersal and to a component of pelagic neritic amounting to about 80% of the
total. Apparently these projections generaily do not include living resources
other than fishes. One should add the potential in lobsters shellfish, béche-de-
mer, turtles, etc., plus miscellaneous gleanings from off :he reef, which Hill
(1978) notes, in a study on American Samoa, can be both high and relatively non-
competitive with other production.
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The consistency just reported is disrupted by the observations of AC
Alcala, who recorded vields approaching 15 tons km2,/yr for two successive
vears ori the Sumilon Island Reserve in the Philippines funpuhlished presentation
at the recent Pacific Science Congress*) Seeking to reconcile Alcala’s obserya-
tions, taken with considerable care, with the general vield levels apparent from
other reports, three possibilities come to mird  1' a yield of 15 tons may repre-
sent a highly localized situation not adequatel. eraged out with due con-
sideration of the tal support area involved, 23 1t would be a mistare to assume
that interpretations fram data «.ailable prior to Alcala’s work can be used to
suggest a genecchizato ot the potential of reefs ardd lj2cent shallows, and 3)
(he suggestion of 416 5 tons km2 yr may Lo upheld as a generahizatuon for the
yield potential, but one oo he aware of the extreme vartabalis that might
reflect ditterent enviconmental situations Since almost all other reported catch
records fall below the suggested potential of 4 to 5 tons, and since the reef and
reef flat sreas of Sumiton Island are small and thus concentration effects might
be expected. Alcala™ observations should prohably be regarded as unique 1ather
than as an indicator ot harvest prosnects in general

Though the data base v sketchy, the potential suggested in Table 145 im-
prossive, 1o at s not far below the vields of some of the better temperate
fatitude 1+ 7 ng grounds  This suggests that advisory appraisals of the hving
marine resowrces of reef and adjacent shallows can now be made with added
contidence By blending area measurements, a generahzed value for potential,
and a sound on-site review of specific local conditions, one could offer a
reason.ible tirst appraisal for almost any area Certamnly one should be cautious
befiire advising the local people to count on harvests as high as 4 tons/km?2 /yr of
finfish alone, but along with such caution, the possibility of supplementary
catches from other categories should be considered

Accepting that a finfish harvest of 3 to 5 tons per km? can be expected an-
nually from the superecosystem discussed, an obvious follow-up question is
“How does this relate to the standing stock?” Since, as noted, abundance surveys
have usually been carried out with a focus on the reef habitat, and have gen-
erally failed to relate population levels to the overall area of support, this ques-
tion i1s not answerable at present Actually one might instead deal with the sub-
ject somewhat in reverse That is, by using data from elsewhere in which vields
and standing stock have been compared, one might attempt a first-order ap-
praisal of the standing stcixs of the reefs and adjacent shallows

After a first appraisal, as suggested above, more thorough evaluations
should be undertaken It is likely that reef habitats may be unusually sensitive to
fishing pressures (see Huntsman and Manooch, 1978, for a discussion of this)
Obviously, one of the needs for ongoing nranagement 1s to acquire more catch
record data. To the extent that good catch data become available, one can pro-
gress beyond verifying or modifying estimates of the overall potential made thus
far and can turn to a consideration of the catch components As with temperate
latitude fisheries, the average size in the catch is bound to decrease with ex-

*Also at the Pacific Science Congress, S S Amesbury reported on fishing yields for areas
in the Manana lslands, but he had not at that time converted catch data to biomass yields
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panded fishing, but a pattern not as common to temperate regions is hikely to un-
fold; namely, a shift in species composition. Thus, the management issues must
focus not only on optimum yields but #lso on preferred species and size group-
ings. In fact, the shift in species may be sufficiently disadvantageous as to sug-
gest abstaining from fishing certain areas to <'nable preferred species to
repopulate Several observers, including Johannes (1978), have noted situations
in which native inhabitants have, under village rulings, traditionally closed off
sections of reefs to realize recovery of populations In comments not altogether
facetious, C Lavett Smith has suggested (personal communication) rather
diastic measures to decimate a fish population that 1s biased unfavorably and
thereby to allow for the recovery of desired species The point to be made 15 that
complex management problems are involvaed in taking the important next steps
beyond appraising the integrated harvest potential

To improve the tirst-order estimates ot the overall potential, better and ad-
ditional catch observations, nlus more expenimentel fishing such as Munro
{1978a and other reports) undertaok south of Jamaica, would be verv useful
“here s also a need for greater ¢lantv in gathering and reporting catch data in
order to remove ambiguities as to what catches are referred to, what areas are
fished. what environments are involved, etc Admattedly, 1n practice there are
many obstacles to achieving this objective Finally, special projects comparing
the fishing impact on specitied areas should be undertaken One might run com-
panson experiments at Fnewetak tor example, where there are multinle, repl-
cate coral knolls that have been untished since the atoll was used as a bomb test
range a qudrter of a century ago Munro {19780) has pointed out that, since
Pacific reets and lagoons are generally environmentally discrete entities. an ex-
ponential surplus yield model could be derived if suitable catch records were ob-
tained for a minimum of 30 such areas
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The Application of Hydroacoustics to Stock
Assessment for Tropical Small-Scale Fisheries

Richard E. Thorne, University of Washington

Abstract

Hydroacoustic techniques have potentizl application to stock assessment
far tropical small-scale fisheries The advantages of hydroacoustic techniques in-
clude independence from fishery catch statistics, favorable time scale, and high
sampling power. A major disadvantage is poor species discrimination. An ap-
proach used in a similar mixed-species assessment problem in the near-shore
Southern California Bight is presented. Hydroacoustics was the primary sampling
technique Subsampling for species identification was done by lampara seine
The advantages of this complementary technique approach to assessment prob-
lems are discussed

Introduction

The great variety and number of species which characterize tropical
ecosystems appear to dictate a fishery management approach which differs from
the classic single-species methodology used for resource assessment in higher
latitudes. In fisheries which exploit a large number of species together in the
same fishing areas, the data collection and analysis tasks involved in assessing
each species separately would be beyond the capacity of the limited tinancial
and manpower resources available (FAQ, 1978)

Hydroacoustic techniques for resource assessment are relatively recent, and
their use in resource surveys has increased considerably in the last decade
(Thorne, 1977; Mathisen, 1975) Although most applications to date have been in
predominately single-species environments, hydroaccustic techniques have
favorable potential for assessment problems in tropical fisheries The advantages
and limitations of hydroacoustic techniques and an example of an approach
developed for a similar assessment problem are presented in this paper.

Principles of Hydroacoustic Assessment

About 1930, it was discovered that the ultrasonic depth sounder could also
be used to detect fish, and subsequently it became widely used for fish detection
and quantification. Although special research echo sounders and sonars and
several types of automatic signal-processing systems have been developed for
fisheries investigations, the basic part of most systems for acoustic surveys is still
a standard depth sounder or a sonar {horizontally ranging echo sounder).
Acoustic energy at a given ultrasonic frequency (usually 20 to 200 ktiz) is
transmitted into the water in a cone-shaped beam. Echoes from discontinuities
such as fish or the bottom are received by the transducer, amplified and
displayed in some fashion.

Acoustic techniques are based on the fact that the amount of sound
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reflected from fish targets is a function of their abundance. The speed of sound
propagation through water varies with temperature, salinity, and depth, but is
usually between 1,400 and 1,500 m,sec As sound propagates, the sound
intensity —that is, the energy per unit area in the sound wave—decreases
because of geometric spreading and absorption. Thus, the sound intensity (1) at
some range (R} can be described by the relationship
-ak
I 10

| e (M

r RZ
wl.ere I1 is the intensity at a unit range from the transducer (sound source), and -a
is the attenuation coefficient, which is a functicn of the sound frequency and the
water temperature and salinity

When sound strikes a target, the intensity of the reflected sound is propor-

tional to the intensity of the incident sound; that is,
1. = ki {2)

where | is the reflected sound intensity a unit distance from the target, I 15 the
incident sound intensity, and k is a constant dependent upon the reflective prop-
erties of the target

As the reflected sound returns to the transducer, it is further reduced by
geometric spreadirg and absosption The generalized expression for the echo in-
tensity I, measured at the transducer is therefore

-2aR 2
ki 10 h (0,
! (0.4 )

| =
e 4
R
where b2 (8, #) 15 a Tactor for the transducer directivity pattern and the other
“ symbols are as definad above The tactor for transducer directivity is equal to 1.0
on the acoustic axi» and to less than 1.0 at all other angles. The equation is often
expressed in decibel units, which measure ten times the ratio of intensities in

loganthmic units; i e,

0log, (1 1
%1y U ly)

In decibel (dB) units, the sonar equation it
EL = SL + TS-40togR-2aR + 20 logb (6, 4) (4)

where EL is the echo level, SL s the source level (10 log |1), and TS is the target
strength (10 log k)

The target strength depends on the size of the target and on its reflective
characteristics. The target strength of fish is generally a function of size, but it
varies between species (especially between those with and without a swim blad-
der) and is very dependent upon the aspect (orientation) of the fish.

There are basically two types of acoustic data-processing: 1) counting, and
2) amplitude measuring. Counting techniques depend on resolving and
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enumerating individual targets. Amplitude-measuring techniques are based on
the principle that the reflected sound intensity (arnplitude-squared) is, for a
given size and species of fish, directly proportional to the fish abundance
(assuming anpropriate range corrections are made) The proportionality con-
stant includes the acoustic system parameters and the mean fish target strength
Within these two basic types, the analysis technique may utilize echograms,
oscitioscopes, or more sophisticated, automatic signal-processing equipment.

Advantages of Hydroacoustic Techniques

The advantages of hydroacoustics relative to other resource assessment
techniques are: 1) independence from fishery catch statistics, 2) favorable time
scale, 3) relatively low operational costs, 4) low variance, and 5) capability for
absolute population estimation

1
154
12,54 -
—
el
Z 104
o]
-
o ACOUSTIC
g ’
- 154 ~catcn
. //
SPAWNING
2,54 4 -
//
T T T B v L T i L
4/ ans a2 4/28 5/5 5/12 5/19 5/26 hf2

DATE

Figure 1. Estimates of hernng prespewners, spawning biomass, catch, and total stock
biomass for the Gulf of Geaorgia sac-roe herning fishery at weekly intervals during 1976

independence from fishery catch statistics allows application to unex-
ploited or poorly exploited stocks. It also frees acoustics from the long lag times
associated with catch statistics, leading to the second advantage. Unlike fishery
catch statistics which are obtained only after the fishery harvest, hydroacoustic
techniques can be applied prior to harvest. This feature is exploited in the
management of herring stocks in Alaska and Washington. In these cases,
acoustic surveys are conducted immediately befare a fishery, and harvest quotas
are established on the basis of them. The time scale for the management of the
Gulf of Georgia herring stock in Washington is particularly impressive. Manage-
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ment is conducted on a week-by-week basis during the period of the fishery An
acoustic survey is conducted the first night of the week, the results are analyzed
the next day, including establishment of a quota for the week, and the fishery is
opened the following day Figure Tillustrates the acoustic data, plus the weekly
catch and spawning data which input to the management decisions

The short time scale 1s necessary for the Gulf of Georgia herring, an intense
fishery on a migrating, spawning population Such a time scale 15 not necessary
tor tropical small-scale fiskeries However, the scale 15 indicative of the minimal
time and eftort required for hydroacoustic assessment and the lack of lag time
compared to other techniques

As a resu't of the high sampling power and etficiency of hydroacoustic
techniques, operational costs are relatively low The major operational costs are
associated with ship time and manpower for data collection and analysis In all
three categories, the costs are usually much lower than those associated with ex-
ploratory tishing

The low vanance associated with acoustic techniques 15 also the result of
the high sampling capability The sampling power of hydroacoustics o at least an
order of magnitude higher than that of exploratory fishing

The last advantage is the capability for absolute population size estimation
This advantage is not paramount, since most techniques for fishery management
are based on relative indices such as CPUE However, the capability for absolute
estimates allows reasonably precise management without a historical data base,
and ultimately leads to a much better understanding of production processes
(Thorne, 1978)

Limitations of Hydroacoustics

The himitatinns of acoustic assessment techniques are: 1) poor species
discrimination, 2) httle or no sampling capability near the bottom and the sur-
face, 3) relatively high complexity, 4) high imtial investment, and 5) lack of
biclogical samples

The partition of acousticaliy derived blomass estimates into various species
requires auxiliary information, which is usually obtained by subsampling with
nets There are possibilities for hydroacoustic identification of species, or at
least minimizing uncertainty so reliance on costly direct capture techniques is
reduced Such identification depends on establishing species-specific distribu-
tional patterns  Unfortunately, this establishment requires comparison of
acoustically measured distributional patterns with net catches. Thus, as noted in
Thorne (1976), “'Species information must ultimately come from capture
techniques—ironically, the same techniques whose glaring deficiencies made
the potential of hydroacoustics so attractive in the first place.”

Echo-sounding techniques are limited in their ability to survey near the sur-
face and bottom of the water column and cannot resolve on bottom targets. The
limitations near surface and bottom are a function of several parameters,
especially pulse length. Boat avoidance is an additional complication for near-
surface fish. An example of this problem is illustrated by the echogram from a
concentration of herring and juvenile pollock 1n southeastern Alaska (Fig. 2A).
Even though those fish are supposedly “pelagic,” they are distributed on and just
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above the bottom with an unknown portion acoustically indistinguishable from
the bottom Often this problem can be solved or minimized by taking advantage
of diel vertical changes in distribution Figure 2B shows the same concentration
of fish at night It is now completely pelagic and accessible to the hydroacoustic
gear. Other approaches which can minim:ze this hmitat:on include deep-towed
transducers for better near-bottom resolution. sonars, and up-looking trans-
ducers for near-surface distributions
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Figure 2. Echograms show:ng mixed layer of herring and juvenile pollock in Auke Bay,
Alaska, January 14, 1975 during aftcenoon (A) and evening (B), depth scale in fathoms

A third disadvantage of hydroacoustic techniques 1s their relative com-
plexity Fishery management is generally the realm of biologists, who typically
have difficulty with the mathematical, electronic, and physical concepts of
hydroacoustic techniques Also, since acoustic techniques are highly specialized
and comparatively recent, training in these concepts 15 not usually included in
the education of fishery scientists In addition, since knowledge of the hydro-
acoustic system parameters is critical for successful application, users of hydro-
acoustic techniques should have good access to hydroacoustic calibration facili-
ties. As a result of this complexity and lack of understanding, there have been
many misapplications of hydroacoustic techniques, prompting the statement in
Thorne (1978) that “historically the biggest source of error is the result of
biologists applying acoustic techniques without having the slightest under-
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standing ot them

The problem is aggravated in develeping countries where tishery muanagers
often do not have access to either the traming or the support tocibities The
author has toucht at several one-morsh FAOQ NORAD traming < enters an
acoustic techniques i Areenting 1971 India 1973 Phulippines 1975 and Moo
co 17810 as well as speaial twosweet short courses at the University ot
Washington The general conclusion trom this exprerience s that hvdiows st
techmigues require conaderably more trammy than can be obtamed i thees
short time rrames Successtui adoption of vdroacouste techmgues hues been
sencrallv Iimited to situations where an FAO project or tegional center hos o
vided an opportunity 1o considerable experence

Afthoueh operational costs are Tow tiab mvestment s refarnely bich A
wide vaniety ol echo sounders are commerans ity avarlable and could be used e
~ome apphications However since they are not designed tor screncine dpphicas
tions they must be used with caution and consuderable understandme «Thorne
197 "h Scentitie qualiny research echo sounders are commercaliv as calable at
reasonable cost However data processing equimpment tor technques sach as
cchoantegranon are imited and expensive although ther avadabiity s mcreas
g The cost of acquiring a mimimal system tor saentitic quabity data collection
and echo mtegration anabysis s on the ordes o1 $50.000

The dast hintation s Tack ot biologrcal samples o general this s a minor
concern, since complementarny direct « aptire ted himques are needed tor SPEeS

identiication I most Cases

An Approach to a Multispecies Assessment Problem

The problems associated with environmental impact studies at otfshore
coolmg water intake systems ott southern Calitornia are surprisingly relevant to
those 1 stock assessment tor tropical small scale tishenes, despite the seeming
ditterences m objectives One ot the objectives ot the environmental impact
studhes s to determime water intake design, location, and operational procedures
which mimimize tish entrapment This objective requires information on the ott-
shore fish density and distmibution (Thomas, 19749)

Like tropical ecosystems, the near-shore area ot the Southern Cahitornia
Bight has high species diversity However, the pnmary impact of the cooling
systems is hmited to a few species. The assessment conditions are unfavorable in
several other aspects, including shallow water, wide varniety of behavior patterns,
near-surface schooling fishes, and mixed-size classes

Research was conducted during 1976-79 to develop an optimal set of tech-
riques for use in the fish entrapment studies Techniques which were evaluated
included commercial CPUL, various direct capture techniques, including lam-
para seine, horizontal and vertical gill nets, bottom and midwater trawls,
acoustic technigues, and optical techniques CPUE was rejected because of lack
of synopticity, variable selectivity, and large variance. All direct capture tech-
niques were similarly rejected as the primary sampling tool because of variable
selectivity and large variance. Optical methods were rejected because of limited
and variable sampling power.

The need for high sampling power and detailed distributional information
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dictated the use of hydroacoustic techniques However, since identification of
echoes to a species level was required, a net sampling program was developed to
subsample a portion of the targets This complementary technique approach
minimized the major limitation ot hydroacoustic techniques poor species
discrimination The second limitation, poor near-surface and bottom resolution,
was mimimized by surveying at night with a relat.vely small vessel and towing a
near-surface transducer ahead of the boat from a hoom projected from the bow
Relegatior ot net capture techniques to a secondary samphng role limited the
problems caused by low sampling power Considerably fewer samples were re-
quired for species composition than for density estimation In addition,
simultaneous depioyment of hydroacoustic and net sampling techniques pro-
vides information from which some aspects of net selectivity and efficiency can
be evaluated

The research area is characterized by shallow water in which numerous size
classes of each species are present Each of the primary species 1s characterized
by schooling habits. Several species are known or thougnt to exhibit movements
daily or seasonally Most of the species exhibit marked diel shifts in behavior,
generally schooling tightly during daylight and dispersing during periods of
feeding at night. Several of the species are found throughout the water column,
while others are oriented primarily to the bottom They differ in size range. In
consideration of these behavioral and life history observations for the species of
primary concern, optimal net sampling techniques were chosen to identify
acoustic targets on the basis of the following characteristics: 1) to be able to fish
the entire water column at the location of an observed acoustic target in the
shortest period of time with the highest efficiency; 2) to have the ability to cap-
ture and retain the largest-size range of fishes with a similar catchability; 3) to
have the ability to capture the largest variety of species with the least difference
in catchability; 4) to be able to fish effectively over the widest variety of
habitats; 5) to fish with similar power throughout various dicl and seasonal
periods, and 6) to be cost-effective. Clearly, no existing single net sampling
method possesses all these characteristics However, the particular characters-
tics of the research area led to the choice of a lampara sein2 as the primary net
capture technique. Selectivity was a major factor in the choice. In general, the
least selective of fishing gear used in marine waters is the surrounding nets; i.e.,
purse ring and lampara seines. Their lov. selectivity results primarily from small
mesh size. They are also relatively efficient for a large variety of species. The
lampara seine probably requires the least amount of time of all the surrounding
nets from deployment to closing on an observed fish target

The lampara net was select=d as a gear type to subsample acoustic targets
in the offshore study area for the above reasons. When fished properly, the lam-
para seine probably has the ability to capture a larger variety of species (highest
relative efficiency) and a larger size range of individual species (lowest relative
selectivity) than any other single net which could be deployed to capture
acoustic targets located throughout the entire water column.

The complexity of the lampara seine makes description a difficult task.
However, the following data are pertinent to the net used in 1978. The net used
for sampling the acoustic targets consisted of a 35 m corkline at the bunt of the
net. The bag of the net measured 12 m deep and was constructed of approx-
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imately 1 c¢m stretched mesh. The thread of the net (the section around the bag
which represents the initial pursing sections) was constructed of heavy material
with an approximate meash size of 2.5 cm. Attached to the sides of the bay (par-
tially by the throat) were two 85 m corkline wings which tapered into 100 ft rope
leads A large float wes attached to the primary lead rope and the secondary lead
rope was fixed to the boat The retrieval of the rope leads and wings was made
with a dual-hydraulic drive system

Obviously, the choice of complementary capture gear depends on the par-
ticular characteristics and requirements of the study The lampara seine met
most ot the needs of the tish entrapment studies, but it was necessary to comple-
ment it with gill nets, since the seine could not be deployed safely within 60 m of
an intake structure and because information on the vertical distribution of
species was needed. These particular requirements are not relevant to fishery
management problems However, depending on the depth and vertical distribu-
tion, trawling techniques might be required either as primary or complementary
capture techmques.

Discussion and Conclusions

Far too often, fishery managers tend to evaluate management techniques in
the framework of selecting the single best one All management technigues have
both advantages and limitations, and the relative weight of these varies with the
specific circumstances. Often the critical limitations can be minimized by using
complementary techniques. As hydro:coustic techniques develop and become
better understood, their advantages relative to other techniques are becoming
more widely appreciated, with corresponding increase in their use. All fisheries
have specific management problems, and a best technique or set of techniques
needs to be tailored to those specific needs The same is true of hydroacoustics
as an assessment technique. Considerable flexibility in the procedures is
available to hest suit the characteristics of the fish stock. This flexibility includes
the use of complementary techniques in order to mimimize specific limitations
Often the greatest limitation of hydroacoustics s the poor species discrimina-
tion, and any application of hydroacoustics to stock assessment in tropical
small-scale fisheries must account for this limitation either by management on a
total biomass basis or by developing suitable complementary techniques.
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Age and Growth Studies on Tropical Fishes

Edward B. Brothers, Cornell University

Abstract

Reliable age and growth data are necessary for the scientific management
of fisheries. Comnion biological characteristics of tropical fishes, such as weakly
expressed annual or seasonal cycles of growth and reproduction and their popu-
lation structure consegquences, have made age and growth rate determination
difficult for many species. knowledge and experience gained from siudies on
temperate fishes utilizing anatomical and statistical techniques can be suc-
cessfully adapted to the tropics. However, due to the complexity of interpreting
the significance of time markers in calcareous structures, or of unraveling
nopulation dynamics, this has proven to be a challenging and sometimes im-
precise science. The advantages and disadvantages of different traditional aging
methods are discussed, with particular reference to problems encountered in the
tropics. Further improvements in the suczess rate of these approaches will de-
pend primarily upon the careful execution of already established procedures. A
new technique which relies upon the existence of daily growth units (marks) in
otoliths offers a substantial «isantage because of its suitability for accurately
aging at least the early stages of all marine and freshwater fishes. Under the
proper circumstances, adult ages and growth rates can also be determined. Fur-
ther research may help to increase its usefulness for the adults of more species.
The importance of thi; technique is illustrated by examples of poiential and
realized applications of otolith microstructure data to studies of tropical fishes.

Introduction

Information on the age and growth of fishes is a central element in fishery
management analysis. Growth rate data are essential for production estimates.
Even preliminary studies may be useful in first identifying exploitaple species.
Age-specific parameters such as mortality and fecundity are the basis for fishery
analysis using dynamic population models. Other types of information that can
be obtained from detailed age and growth studies include description of the
population structure, determination of the timing and frequency of spawning, in-
dividual and population growth responses to environmental changes such as
population density or habitat alteration, and annual or short-term variation in
recruitment success. These data, whether of a basic life history nature or directly
applicable to fishery statistics, all greatly contribute to our understanding of the
biology of fishes. Furthermore, in a more applied sense, we can extend this age
and growth information to examine past responses and predict future changes in
relation to a variety of exploitation schemes.

The utility and importance of age and growth studies are beyond question;
unfortunately, the means to effect them are far from standardized, and serious
difficulties arise when one attempts to attain the higher levels of precision and
accuracy needed for more detailed studies. In the case of small-scale fisheries in
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tropical waters, the problems are greater, even for relatively gross estimates ot
ege and growth This is dve to two factors the biological properties of tropical
tishes {or, more appropriately. fishes in the tropics, toandicate the role of en-
vironment) and the greater ditticulty in obtaining large representative samples
and statistees for these Tisheries

It s notinterded that this contnibution serve as a manual tor aging tropical
fishes, rather, ot 15 a review of the current status of our knowledge and
methodology tor the aging of fishes in general, with special reference to the
tropics. This discussion emphasizes the assumptions basic to each method and
then considers some of the sigmificant advantages and disadvantages of the dif-
ferent approaches A relatively recent development in aging studies 15 the
analysis of otohith microstructure to obtain extremely detailed growth history in-
formation 1t is this method which otfers the anly true breakthrough in the study
of tropical fishes Appropriately, this techmaque is reviewed and discussed in
greater detail, with some briet examples of both realized and potential studies
Fmally, there s a short section on important areas tor future research

There s a vast literature on age and growth determination for tishes
Basically, the methodology falls into three types 1) direct measurement of
growth in certain individuals and extrapolation to the population—e g, mark-
recapture studies or growth in confinement, 2) statistical approaches based on
measurements of lirge samples—e g, modal progression in a time series ot
length-frequency histograms. and 3) aging individuals on the basis of regular
periodic markers in hard structures (usually calaified), such as scales, otoliths,
and bones {anatonmical method) Good reviews of approaches to aging fishes can
be found in Graham (1929), Menon (1950), Chugnova (1959), Tesch (1971),
Weatherley (1972), and Ricker (1979) Several authors have dealt specifically
with tropical fishes (Menon, 1952, SeBont, 1967, Fryer and Iles, 1972; and Lowe-
McConnell, 1975). The major subjects of discussion in most of these reviews can
be classified into the following topics: 1) manual-style instructions on the
mechanics of aging studies, 2} criteria for validating the teraporal significance of
age markers, 3) exogenous and endogenous causes for the appearance of these
marks, 4) statistical treatment and mathematical models for data, and 5)
numerous examples. Examination of these papers as well as of a great many
specific publications on both tronical and temperate species reveals that there
have not been any truly substantial or generally applicable improvements in the
anatomical methods since their discovery at the end of the last century. Second,
critical testing of the validity of annual or seasonal marks, particularly in tropical
fishes, has often been ignored or only weakly attempted because of ihe success
of these techniques in fishes of higher latitudes Many workers seem to be
satisfied with an assumption of analogy, or a sometimes biased view of less than
convincing “corroborating” length-frequency analysis. Finally, the weak or com-
plex expression of age marks in many tropical species makes what in temperate
fish is a subjective discrimination probiem an even worse situation

Compared to temperate species, tropical fishes, both freshwater and
marine, live in environments which on the average show less seasonal variation in
such abiotic and biotic factors as temperature and productivity. To the extent
that recognizable zones on scales or otoliths are reflections of variations in
growth rate in response to such factors, it is natural to expect that the marks
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would be less well developed or even absent in the tropics Many authors report
that no easily observable or interpretable marks occur in the hard parts ot a
number o topical species Nevertneless, ordical analysis not oniy ot en-
vironmental piarameters but also ot nish growth ecology. and behavior has
demonstrated that seasonal variabhion sometimes substantial exists i many
troprcal habitats and that perniodic marks do occur on Caloareous strictures Ob-
vious examples include the predictably cool monsoon rain pecods elternating
with hotter and drier weather Tre ettects of resultant chaiiges in temperature,
sabmity ) turbidity . and tood avardability are discussed by a number ot authors in-
cluding Chevey £1933), Menon (1953), and Saropni (1957) Small ditterences in
temperature (5°C or lessi may be correlated with changes in growth and otolith
composition (Poinsard and Troadec, 1966, LeGuen, 1976), and spawrning rhythm
{Munro et al - 1973) The tact that these are just apparent correlations should be
emphasized, since the medhar s mvobved have not Leen demionstrated
Reproductine processes o tinh - volve substantial shitts i nutritional and
metabohic pathways (Weatherley . 1970 Tes 1974) which usually have resultant
eftects on somatic gronth  Thus, spawnig activity, and particularly  the
preceding gonad maturation, mayv be expected to result in discermble marks on
scales, bones, and otoliths This has been an expected observation in temperate
species with restricted breeding seasons (see Blacker, 1974 tor otoleh ex-
amples) but the supposed greatly extended or even aseasonal spawning pattern
ot tropical tishes led many workers to believe that such effects would not be seen
in these fishes However, seasonal patterns ot reproduction are now very well
documented m a wide varnety ot manine and freshwater species (e g Sarojpini,
1957, Hopson, 1965, Randall, 1961, Fryer and Hes, 1972, Lowe-McConnell, 1975;
and Talbot et al , 1978} The occurrence of ~cale or otolith marks has at least
been dosely correlated to reproductive activity in some tropical fishes (Holden,
1955, Garrod, 19549, Hopson, 1965, Krishnayya, 1963, Poinsard and Troadec,
1966, and Pantulu, 1962) bven it an aseasonal pattern exists tor the population
as a whole, 1t 1s possible that individual tish may show a regultar cycle, which, if
determined trom gonad studies and reflected in calcitied structures, could also
be used for aging

Thus, the major difficulty in directly aging tropical fishes 1s the evenness of
growth processes throughout the year, a generalization with more exceptions
emerging, and one which may only be valid in comparison to certain high-
latitude species. Regular seasonal variability in reproduction, growth rate,
feeding intensity, and movements is readily observable in the tropics. More
detailed analysis of hard structures is needed to determine whether the fish are
recording such changes. Otoliths of many of the species have an overabundance
of potentially decipherable marks; determining their significance is a major
challenge for the future

The perplexing nature of marks in the otoliths, scales, and bones of tropical
tishes is exacerbated by the equally great problems encountered in statistical ap-
proaches used either as verifying criteria or as alternate aging methods. The most
significart of these complicating circumstances is that recruitment is typically
extended over a long period in the year in many species. As noted above, this is
made more problematical by the often irregular and incomplete sampling pro-
grams available to small-scale fisheries. Thus, the value of a major method of
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analysis. the examination of length-frequency histograms, can be decreased
because of the broad overlap of age classes, even in the yuungest categories Fur-
ther discussion of these statistical approaches s ncluded in ihe following
section

Review and Discussion of Methads

Time Markers in Calcified Structures

For information on this well-established and widely practiced method, see
the general reviews referred to earher, as well as those on otoliths by Blacker
(1974) and Williams and Bedford (1974) and on bones by Menon {195G) Time
markers ot very short pericdicity —e g, daily marks 1in otoliths—will be dis-
cussed separately below A wide variety of structures s involved i this method,
typically scates, otoliths, and various bones such as fin spines, vertebral centra,
cleithra, hypurals, and skull bones The basic premise of this approach 1s that
periodic changes in the growth rate ot these structures (both i form — e g . «ir-
culi spacing on scales—and or in composition—e g . hyaline and opaque zones
of bones and otohths) are retlections of changes in growth of the tish More
specifically, the fish may be experiencing endogenous and or exogenously in-
duced cycles of somatic growth rate, or perhaps just protem and calum
metabolism (protein and calcium bemg the major constituents of these struc -
tures) The nature of the causative relationship between the e ology. behavior,
and physiolagy of the fish and the observed marks s an important and continu-
ing area of investigation Potentially . experimental approaches combined with
detailed structural and chemical analyses should yield the greatest insights (e g |
references in Blacker, 1974, Simkiss, 1974, Bilion, 1974)

In spite of a number of contradictory results 1n the literature (only some ot
which are artitacts ot termmology and methods), there still are generally obsery-
able patterns in the calcified structures of temperate fishes To summarize
briefly, in bones and otoliths, fast or accelerating growth zcnes usually appear as
broad, opaque (optically dense) zones, while slow growth sones are narrower
and hyaline (more translucent). As pointed out by Mina (1968) and others, the
terms “hyaline’” and “opaque” are relative terms which refer to optical com-
parisons of adjacent material. Even under relatively low magnifications, these
“major’’ zones, which are often demonstrated to be seasonal in occurrence (ie,
one or two each per year), are seen to consist of a gradient of optical densities
and are composed of a number of less distinct discontinuities defining “minor”
hyaline or opaque areas The significance of these minor zones is being eluci-
dated in microstructural siudies (see below). In scales, slow growth zones are
represented by more closely spaced circuli or sclerites or, in some cases, by ir-
regular circuli and evidence of resorption.

The highly seasonal nature of growth and reproduction is accepted to be
related in some way to the appearance of these marks. In many cases, this has
been clearly demonstrated, and the marks are confidently used for age deter-
mination (well-executed recent studies involving subtropical or temperate
families having representatives in the tropics include McErlean, 1963; Moe, 1969;
Tong and Vooren, 1972; johnson, 1972; Van der Waal, 1975; Warner, 1975;
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Cambell and Collins, 1975, Powell, 1975; Gregory and Jow, 1976; and Dauvis,
1977)

There are a number of advantages to this widely used method. It affords a
relatively simple way to determine age of individual fish, thereby gaining in-
tormation on intrapopulational variation as well as establishing population
parameters trom represeatative samples A powerful application is the ability to
retrieve nistoncal data trom the growth records of individuals by back calcula-
tion (see below) This enables investigators to extend their growth studies into
periods when population and environmental conditions may have been different,
allowing, tor example, for the analysis of growth trends with respect to different
tishing pressure Finally, this method of age and growth determination 1s not as
dependent upon extensive representative sampling as some of the technigues
that tollow

Age determumnation by fime markers on calcareous structures 1s clearly the
prete-rod method, the only substantial disadvantage is the ditficalty of ats ap-
plication and the extreme care and extensive study that may be necessary to
establish s validity in o particular situation Once established, the amount ot
techmical skl and elaborate equipment necessary can usually be kept to a
mimmum In many species, marks are observed which are reterred to as false an-
nuli or accessory checks These are teatures which may be mistaken for true an-
nual or other periodic marks unless carefully scrutimized They correspond to the

minor” hyaline and opaque zones referred to above These accessory marks
may or may not be usetul tor determiming age, but this can only be determined
ONCe Catsative tactors or patterns are established  In many temperate and
tropical tishes 1t s noted that one of the hard parts, either bones, scales, or
otoliths, 15 the most readable 1t s not uncommon to find inconsistencies be-
tween counts fram ditferent structures, particularly concerning the first tew an-
nudl or seasonal marks Often even the best of these structures requires pamstak-
ing preparation in order to enhance the visibility of the marks Finally, there can
be a substantial amount of subjectivity involved in discrnamating what are con-
sidered to be the “true” time markers For a number of reasons mentioned in the
mtroduction, these problems are exaggerated in most tropical fishes Many
authors simply note that calcareous structures either have no discernible marks
or do not show any decipherable pattern Therefore, it becomes extremely im-
portant to take great care to validate the periodicity of observed marks. Graham
(1929) and van Qosten (1929) were the first to clearly state a procedure for
validating age marks These criteria have been further elaborated and used by
many researchers However, too many studies, particularly in the tropics, have
not followed or have been unable to follow the criteria in a rigorous manner

A revised hist and brief discussion of types of validating criteria fallows. Not
all are applicable in every case, and some are better than others. Several of them
are, in fact, alternate aging methods (*) with which scale, bone, or otnlith de-
rived ages and growth rates can be compared. These will be discussed separately
below.

1.* Length-frequency analysis of a population sample, Peterson method.

2.* Modal-progression analysis in a time series of population samples.

3.* Comparison with growth rates derived from tag-recapture data or growth
in captivity.
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4. Determination of the period and timing of mark formation This is usually
carried out by a qualitative and quantitative examination of the margin of the
scales, bones, or otoliths in samples taken at different times of the year This may
require special collecting efforts

5 Determination of the propcrtionality of growth of the aging structure and
the [ength or weight of the fish Once a relationship is established and
mathematically or graphically destribed, measurements to earlier formed time
marks can be used to back-calculate the growth history of individuals. A growth
curve constructed from these data should approximately conform to the curve
derived from ages of fish at the time of capture

h Companson of ages derived from different structures; e g, scales vs
otoliths

7 Tag and recapture studies where the calcified structure itself is also
marked, using chemicals such as #3Ca (Irie, 1960), lead (Ickikawa and Hiyama,
1954), or tetracycline {Weber and Ridgeway, 1967: Jones and Bedford, 1968).
Here the number of marks between the chemical tag and the margin is compared
to the known elapsed time period. This is a powerful tool, but it requires a large
effort in time, energy, and money An easier but related method simply compares
the number of annual or seasonal zones on fish of known age This may be ac-
complished by tag and release where age is known (e g , for young of the year) or
by holding fish in captivity of some sort All of these techniques require relatively
long periods of time before results are meaningful, and they are also subject to
the various biases introduced by tagging and/or artificial confinement Williams
and Bedford (1974) and Poinsard and Troadec (1966) point out an analogous
validating technique which relies upon recognition of unusual zones formed in
particular years. These marks may be used as a reference point for subsequent
counts

8 Comparison of the empirically derived growth curve to mathematical for-
mulations such as the von Bertalanffy growth curve. This is only one of several
possible comparisons (Ricker. 1979) All have different hiological and non-
biological assumpstions, and a particular one will usually fit the data better than
others. However, wildly deviant empirical paiterns should be suspect.

9. Correlation of the time of mark fo:mation with various exogenous and en-
dogenous cycles such as temperature, salinity, rainfall, feeding intensity, condi-
tion, or reproductive activity. Correlation will not establish a causative relatian,
but this method will at least help to establish a biological basis for the observed
periodically marked structures.

10. Establishment of objective criteria to discriminate marks; avoidance of
bias by aging fish without knowing their size; and comparison between readers
for consistency.

Criterion 4 is very important, quite straightforward, and gives unambiguous
results when it can be properly applied. Complications arise when the marks are
found to be formed over a large part of the year or when different age or size
classes form them at different times (e.g., Moe, 1969; Williams and Bedford,
1974). The apparent extended period of mark formation in tropical fishes can
lead to ambiguous results, especially with smalil samples. Negative results by this
test—i.e., determining that marks may be formed at any time of the year—do
not necessarily eliminate the possibility of their being regular periodic markers.
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If it can be shown that the presence of the marks is related to some regular event
in the life ot an individual fish, such as spawning every four months, ithen these
marks can be used for aging almost as well as it all fish in the population were
synchronized

The studies on subtropical fishes reterred to carlier provide excellent ex-
amples ¢t the practical apphcation of many of the above criteria A tew case
studies involving tropical fishes include those by LeRoux (1961), Pantulu (1962),
Krishnayvva { 1963), and Kutty (197 1)

Length-Frequency Analysis

Under this heading are included at least three closely related methods which
depend upon large, relatively representative population samples as their data
base. As the size structure of a sample is plotted as a length (or weight) fre-
quency histogram, various peaks usually eracige which are taken to represent
modal lengths of age classes There are statistical and computer techniques to
help discriminate the modes by assuming that the total distribution is composed
of a series of overlapping normal distributions (Harding, 1949; Cassie, 1954,
McNew and Summerfelt, 1978; examples in Mathews, 1974; Skillman and Yong,
1976). When a single or combined sample is used, the technique is usually called
the Peterson method. Here assumptions are made on the time interval which
separates different peaks assumed to represent age groups (Pauly, 1978). A
modification involves sampling the same population serially (a problenm di.-
cussed below) and then noting the growth of fishes as reflected in mocdal class
progression with respect to time. Assumptions in this method involve decisions
on which peaks should be interconnected: that is, which represent the same age
class. Finally, in species where modes are not well developed, occasionally a
dominant or scarce year class may act as a marker which can then be followed as
the fish grow with time. Here one has to be concerned with the possibility that
this age class may also exhibit somewhat abnormally fast or slow growth.

There are a number of assumptions and conditions which generally affect
the usefulness of the above method. It works best when recruitment is restricted
in time and when growth is relatively rapid throughout life, with a minimum of
variability between individuals and age classes. Samples must be representative
and unbiased with respect to the population in question; gear selectivity and fish
movements altering availability will strongly affect the results.

The major advantage of length-frequency analysis is that it can be a
relatively simple matter to obtain size data from many fisheries. Thus, the catch
statistics thernselves can, under the right circumstances, form the basis for the
age and growth analysis. This makes it easy and cheap, requiring no highly skilled
technical personnel. There are several limitations, however, which arise when the
fish biology and sampling schemes do not conform to the assumptions and con-
ditions stated above. This is particularly true for tropical species.

1. Breeding seasons tend to be prolonged over several months or more; thus,
even the youngest age classes may not be easily separable from one another.
Short life cycles complicate and telescope the distributions even further.

2. Older age classes tend to crowd and overlap as growth typically
decelerates and variability within classes increases.
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3. Individual variation, especially difierences between the sexes, may
obscure modes if not taken into account.

4. Dominant or variable age classes may introduce statistica! problems.

5. The lower number of older fishes available (due to mortality) makes
discrimination of their modes more difficult

6. Due to environmental or population changes, current age or size—
specific growth rates determined from length-frequency analysis may not con-
form with back-calculated lengths from anatomically based aging

7. The method only allows a statistical characterization of a large sample; it
does not work for individuals or small samples

8. Samples are easily biased by gear and site selectivity and fish movements
which may cause size or age clzsses to appear and disappear, as, for example, in
reproductive migrations

Despite all of these potentially complicating factors, these me‘hods are
widely applied, commonly with good results However, the inferences made have
not always been substantiated by other methods. A few examples of the use of
these techniques for tropical fishes include studies by Sarojini (1€57), Bennett
{1961), Pantulu (1962), Longhurst (1965), Fryer and lles (1972), and LeGuen and
Sakagawa (1973). Olsen (1954) used length-frequency analysis and tagging data
to age subtropical sharks, for which no direct aging methods worked Many
fishes, particularly in the tropics, are demonstrated to have a lunar or semilunar
spawning and juvenile recruitment periodicity (Johannes, 1978) Thus, the minot
peaks in recruitment may be followed to gain information at least on early
growth. These cycles are probably the cause for at least some of the “minor
modes” noted by several researchers (e g, Randall, 1961; Feddern, 1965).

Tag-Recapture Studies

Fish can be marked in a variety of ways such as fin clipping, tattooing, at-
taching a variety of external and internal tags, and chemical exnosure (usually in-
jection), which causes a mark to form on calcareous structures (see above) The
measurement of fish length and/or weight at the time of release and then at
recapture can provide direct information on the growth rate of individuals. These
can later be applied to a mathematical growth description to provide estimates
of age as well. The most important assumption in the method is that the presence
of the tag or perhaps the tagging and capture procedures themselves do not af-
fect growth rate. This may or may not be true, depending on the species, tvpe of
tag, and other circumstances {e.g, Fryer and iles, 1972, Bardach and Menzel,
1957). In some cases, the method of capture, such as trapping, may bias results
because of the amount of time certain fish spend in traps and because some fish
cannot feed while enclosed (Randall, 1962). Some other examples of tag-re-
capture studies on the growth of tropical or subtropical fishes include Olsen
{1954), Randall (1961), and Joseph and Calkins (1969}. As mentioned earlier, tag-
ging studies incorporating a chemical marker on scales, bones, or otoliths are
very valuable for verifying the time periods of natural mark formation.

There are a number of significant disadvantages to tag-recapture studies.
These include the uncertainty of the effect of tagging on growth; the common
occurrence of large measurement errors, especially due to the difficult and
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usually different measuring conditions at release and recapture, resulting in
“negative growth”’; the need to mark large numbers of fish in order to have suffi-
cient returns (more necessary and more difficult for older fish); the need for in-
tensive etforys, usually at great expense, the possibility that long-term returns
may be necessary to show measurable growth, and the difficulty of individually
tagging small and delicate fishes including young ot the year of larger species. In
some cases this latter problem has been circumvented by direct diver observa-
tion and measurement of sedentary fish (Allen, 1975 Gunderman and Popper
{1975) took advantage of an accidental fish kill which destroyed the fish fauna of
a small reef in the Gult of Agaba Natural resettlement occurred soon atterward
during the normal seasonal spawning peak Censusing over the tollowing year
established early growth rates for several of the more sedentary species Similar
experimental studies may be carried out on natural or artificial reefs Although
no tagging is necessary in such methods, there is still a strong possibility of “ab-
normal” growth rates in these altered environments.

Fragmentary data from tagging studies or other growth studies can be used
to establish more complete growth curves and age estimates Growth data such
as length at t and t + 1 are fit to a thecretical growth formula such as the von
Bertalanffy using Walford plots {(Weatherley, 1974) In this case, a straight line is
usually fitted to the points and the growth parameters are calculated. The
method forces a particular form of growth curve on the data, which may or may
not be realistic

Rearing Experiment (Laboratory and field)

It is practically possible to rear some species under seminatural corditions,
either in the laboratory or in some sort of enclosure in the field. The introduction
of fish to natural or man-made bodies of water also falls into this category. In
this manner, fishes of known age can be monitored to establish growth rates and
to look for marks on calcareous structures. As in the case stated above, there is
an almost certain departure from growth exhibited by fish in their natural, un-
disturbed environment.

In Vitro Determination of Relative "Instantaneous’ Growth Rates

Ottaway and Simkiss (1977) and Ottaway (1978) describe a radically dif-
ferent method which measures the rate of 14C glycine incorporation by cells
associated with isolated fish scales Thisis a new technique which requires rather
sophisticated procedures and equipment. Furthermore, this method appears to
offer a way to determine only relative growth rate as yet, and is perhaps ap-
plicable solely within a species. There has not been any attempt to transform
results into absolute growth rates. This work is mentioned here not only because
of the promise it holds for determining growth rates but, more importantly,
because of its potential usefulness in experimentation on the factors controlling
scale growth

Otolith Microstructure

In 1971, Giorgio Pannella published a paper in which he re-examined the
microstructure of fish ctoliths and came to the remarkable conclusion that the
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finest lamellae of which they are composed are formed with daily periodicity
The structures he described had been seen by a number of earlier workers (mos
notably, Hickling, 1931). however, Pannella's careful analysis of recurrent group
Ings or patterns of the fine growth increments strongly suggested their true tem
poral signiticance A number of papers have since tollowed, reconfirming the
presence of daily growth units by a vanety of other means in a wide sampling of
species tfrom many different habitats (Pannella, 1974 Ralston, 1976, LeGuen,
1976, Brothers et al , 1976, Struhsaker and Uchiyama, 1976, Taubert and Coble,
1977 Brothers and McFarland, 1979, and Brothers, unpublished observation)
Many of the fish studied were larvae and juvenites of tropical species The reason
for the interest in these tvpes of fishes 15 simple, the analysis of otolith
microstructure offers the only way to determine directly the age of individuals n
these categories, since they usually offer no other type of readily visibie time
marker in their otoliths or other calcareous structures

The method of preparation for viewing daily growth units varies with the
size of the otolith and its structural pecuhanties Unbhke traditional otolith
studies, which almost always utilize the sagitta or saccular otolith, microstruc
ture studies may often best be carried out on the other otoliths, particularly the
utnicular pair, or lapilli (Brothers, urpublished observation, Brothers and
McFarland, 1979) Specimens may be viewed whole, ground and polished, or
etched (for acetate replication and SEM). The basic and most generally useful
technique involves direct viewing of ground otoliths with a high-quality com-
pound light microscope at magnifications of about 250 to 1500x Very helpful ac-
cessories are television viewing systems and polarizing filters. These can greatly
enhance image quality to make otherwise non-discernible features visible Semi-
automated counting and measuring systems are also currently being developed
(Methot, 1979)

Fundamental research on the occurrence and mechanism of daily growth
unit formation has revealed that they are usually present in the otoliths of all
bony fishes, at least during the early life history (i e , through the juvenile phase)
In ontogeny, daily growth units may begin to form as early as the pre-hatching
“embryonic” phase, or as late as yolk absorption, depending upon the species
The daily growth units themselves are usually simple bipartite structures
{measuring from 0.25 to well over 25 um thick), each composed of 7 protein-rich
and a protein-poor layer. Research in the laboratory at Cornell in‘Zicates that in
temperate stream fishes the protein-rich layer is deposited at night, under the
direct influence of falling water temperatures. Daily growth units are more com-
plex in some species or life stages, being composed of two to several subdaily
growth increments formed over a 24-hour period. in temperate stream fishes,
temperature is the predominant factor in determining the time of formation,
thickness, and overall protein content of growth increments, with food and light
cycles having subordinate roles. Taubert and Coble (1977) have also implicated
the importance of endogenous rhythms.

Two classes of information are available from the study of otolith micro-
structure: one is based on counts of daily growth units, the other depends upon
detailed examination of the characteristics of each unit (Brothers, 1979). Count
data yield ages in days. This method is based upon validating the existence of
daily growth units, knowing the age at which growth units begin to form, and
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determining that a complete time record is preserved in the otolith. The latter
condition appears to hold for the larvae and juveniles of most fishes, and may in-
clude the aduits of some In the majornity of fishes, however, once growth rates
(both of the fish and of the oto'ith) begin to decelerate, daily growth units
become proportionately thinner and also seem to be interspersed between
growth interruptions of varying duration (see Pannella, 1971, 1974} Only under
special conditions can the duration of the interruptions be determined The
presence of growth interruptions therefore poses a serious problem to age deter-
m:nation by daily growth unit counts For fishes which have strongly periodic
growth, the growth interruptions are usually clustered in the slow growth
(hyaline) zones of the otolith; however, clear exceptions to this occur (Brothers,
personal observation). As a generalization, complete daily growth records in
tropical fishes are usually present for at least the first 150 to 200 days; thereafter,
the completeness and readability of the record depends upon the physical prop-
erttes of the otolith and the biological characteristics of the species In some
tropical fishes, apparently continuous daily growth records of two or more years
are present. Beyond this point, other types of longer-period otolith growth
rhythms, which may also be apparent in the microstructure, such as lunar or
spawning cycles, perhaps could be used for aging (Pannella, 1974); however,
more research is required to evaluate the potential here.

The second type of microstructure study involves the thickness, protein con-
tent, and subdaily structure of individual daily growth units Such analysis yields
additional information on the day-to-day (“instantaneous’’) growth, environ-
mental conditions, and changes in the life history experienced by a fish. Daily
growth rates and back-calculations of growth history can be determined ‘n a
manner analogous to back-calculations using the traditional annual or semi-
annual zones

Vahdation of correct identification of daily growth units and demonstration
of the existence of complete records are necessary because of the presence of
complicating factors such as subdaily growth increments and growth interrup-
tions Another assumption inherent in calculating instantaneous growth and
back-calculations is that there is a precisely definable fish growth/otolith growth
relationship, not only on a relatively coarse time and size scale, as in traditiona!
otolith studies, but also on a daily basis. The following procedures are useful in
increasing the reliability of microstructure studies:

1. Determining the age at which daily growth unit formation commences is
usually accomplished by laboratory rearing of eggs and larvae under close to
natural conditions. Such studies are not essential for most applicaiions, since the
majority of tropical fishes have fairly rapid development times and daily growth
units probably first appear within a week of fertilization. Thus, errors that may
be introduced by not knowing the absolute age are small relative to the total
counts of juveniles or adults

2. Validation of the daily nature of the increments or units and the com-
pleteness of the record can be ascertained by a variety of approaches analogous
to those used for validating seasonal or annual marks. Any other method that can
be used to approximate age and growth—e g, length-frequency analysis of new
recruits, mark-recapture, lab rearing, known time of spawning, etc.—can be
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helpful. Modifications of several methods presented earlier require additional
discussion:

a. Marginal Increment Under optimal circumstances of rapid growth, large,
easily visible growth increments, and availability of fish, specimens can
be collected over a 24-hour period, and the condition of the margin can
be noted—1 e, whether the protem-rich or protein-poor layer is beimng
formed — and quantitied Although this has been accomphshed for a few
tropical and temperate species (Brothers, personal observation), it is very
ditficule, and not possible or worthwhile for a routine aging study

b Otoliths can be marked in vivo in various ways, typically, by chemical
injectior such as with tetracychine The tish are then either held in the
laboratory or externally tagged and released n the wild Subsequent ex-
amination of the otoliths after a known period can be compared to incre-
ment counts

¢ Insome cases, “natural” marks appear in the otoliths, usually as a result
of physical variation in the environment; & g, sharp temperature fluctua-
tions or tidal cycles Counting back from the margin to such marks can
confirm the daily nature of growth units. This technique works if the date
of the “disturbance” 15 known. Otherwise, one can simply look for con-
sistency between individuals, which would be evidence for regularity of
growth unit formation but rot necessarily for the period or the complete-
ness of the record. Pannella (1971) used a modification of this method by
counting increments between periodic marks (actually patterns of incre-
ment intensity and spacing) and then relating these counts to the dura-
tion of expected environmental cycles; e g, lunar, seasonal, and annual

d. Struhsaker and Uchiyama (1976) utilized a statistical approach by
sampling a population, calculating a mean otolith age, and then resam-
pling the same population to determine whether the mean otolith age in-
crease agreed with the known elepsed time period This method requires
that there be no significant changes in the population composition be-
tween samples

Pctential of the Microstructural Method and Some Examples. In the course of the
author’s studies on tropical fishes, otoliths of approximately 200 species from
over 65 families (see Appendix) have been examined. Most of these were
juveniles; however, many were adults. Validation was not rigorous for most of
the species in this preliminary survey, but there is very good evidence that con-
firmed daily growth units were present and correctly discriminated in several
species. The otoliths of all species had analogous microstructural elements
assumed to be daily, pending further investigation. Given this assumption, a
general conclusion of the survey is that tropical fishes, both marine and
freshwater, can be accurately aged by means of couirts of daily growth units,
from the larval at least through part of the juvenile stagz. On the average, aging
beyond 200 days is difficult; success is dependent upon the species involved, and
further development or preparation techniques is required for many. Pannella
(1974) has suggested the use of higher-order patterns (e.g., lunar rhythms) to help
in age determination of adults. Although such patterns are sometimes visible,
their appearance is often very irregular, inconsistent, and difficult to demon-
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strate critically. Thus they have very limited usefulness for aging the majority of
tropical species. Of course, this is especially true for freshwater forms.

A recent study by Brothers and McFarland (1979) illustrates the potential
power of microstructure analysis. Juvenile French grunts (Haemulon
flavolineatum) were aged and a growth curve was established for the first 100
days (other studies have extended it to over 300 days). Furthermore, examination
of daily growth unit spacing and structure revealed discontinuities at certain
ages that, when back-calculated to fish length, were found to correspond to
observed size ranges undergoing ecobehavioral transitions in habitat, social
behavior, feeding ecology, and diet. Work continues on back-calculating spawn-
ing and settlement dates for new recruits, establishing evidence for a lunar
periodicity in these activities.

Thus far,the most extensive completed or nearly completed studies on
tropical species by other workers have centered on the families Cichlidae
(Fagade, 1976; Taubert and Coble, 1977); Scombridae (A. Wild, 1.A.T.T.C., un-
published manuscript); Engraulidae (Struhsaker and Uchivama, 1976);
Chaetodontidae (Ralston, 1976); Lutjanidae, Centropomidae, Carangidae,
Haemulidae, and Holocentridae {Pannella, 1974); and Sciaenidae {Pannella,
1974; LeGuen, 1976). A number of other laboratories around the world have in-
itiated otolith microstructure investigations as a routine procedure. There should
be many studies on tropical fishes forthcoming in the near future.

Applications of Otolith Microstructure 2at>. The data are most easily applied to
the accurate determination of age and growth rates of young fishes. Only fish
size and daily growth unit counts are required. As mentioned earlier, given the
proper validation precautions, the method can be extended to older individuals
in a number of species. Where fisheries utilize juvenile fishes, these data are of
direct interest to production estimates, hcowever, meat fishery analysis requires
age and growth information on the entire life history of a species. Even when a
complete adult microstructure (i.e., daily) record is not obtainable, growth pat-
terns up to the point when the record becomes unreliable may be useful to pro-
ject an expected adult growth rate and longevity. Observations on maximum
sizes of individuals in combination with early growth curves and such tools as
Walford plots may be useful to obtain a first approximation of the neaded fishery
statistics.

Complete, detailed age data may be used to determine spawning times and
to reveal the presence of seasonality o periodicity in recruitment. With the prop-
er sampling scheme, and knowledge of microstructural patterns corresponding
to life history changes, the duration of the larval, planktonic, and/or pelagic
phase of near-shore tropical fishes can be deizrmined. This is of great im-
portance in understanding the recruitment dynamics of reef fishes, and par-
ticularly in evaluating whether local stocks are potentially se!f-sustaining or
perhaps receiving substantial input from other areas due to larval driit and water
movements. Island fisheries would be especially interested in such information.
Civen a sufficient knowledge of l»cal current patterns, information on the ages
of newly settling larvae could even help to locate sites of spawning activity if this
is unknown for certain species (especially migratory ones).

Back-calculations of growth history and instantaneous growth rates from
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daily growth unit measurements can contribute substantial informnation on the
ecology, behavior. and physiology of tropical fishes. The certain idenufication o
spawning marks is also a potentially valuable tool. Published accounts of suct
marks have not been r voi0usly verified (Pannelia, 1974; Fagade, 1976). Once we
have a clear understanding of the exogenous and endogenous factors involved ir
determining otolith microstructure, we should have a remarkably sensitive
method for reconstructing the growth history of individual fish as well as for
detecting environmental changes. For example, work on temperate stream fishes
has demonstrated that the otoliths of some species act as daily, even subdaily,
recorders of water tempercture and are responsive in different ways to mean
daily temperature, rate of change, and range (Brothers, personal observation).

Recommendations for Future Research

In order to increase our information on the age and growth of tropica
fishes, several lines of research should be followed. There is still a serious neec
for well-controlled experimental laboratory and field manipulations of fishes tc
determine the causative factors involved in the formation of all marks, subdaily
to seasonal, in different calcareous structures. These studies should be cor-
related to anatomical, physiological, and biochemical investigations of
calcification processes in fish.

Rigid adherence to careful analysis and validation of all aging techniques is
an absolute necessity. General patterns can emerge only when misinformation
and incompletely substantiated conclusions too prevalent in the literature are
eliminated. For example, at the present time it is extremely difficult to
distinguish a true difference in the timing of mark formation from a procedural
artifact.

Understanding of the management of tropical fisheries will ultimately de-
pend not only upon traditional fishery statistics but also upon a more complete
appreciation of the biology of the species, particularly of their recruitment
dynamics and the complexity of community interactions. The biology of the
early life history of fish is now recognized as being of considerable significance
to our understanding of the population biology of fishes (Hunter, 1976; also see
Ehrlich, 1975, for coral reef fishes). We need to gain a better understanding of
the ecology of these life stages. For example, to what local oceanographic condi-
tions are the larvae subject? Otolith microstructure studies will be of major im-
portance in answering many of the above questions; however, intensive physical
and biological oceanographic research, as well as basic investigations on com-
munity ecology, are also required.
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Appendix

Families of tropical fishes in which otolith microstructure has been examined and found
to be suitable for aging investigations

Acanthundae Clarndae Lophiidae Pleuronectidae
Anablepidae Clinidae Lutjanidae Poeciliidae
Anguillidae Clupeidae Merlucciidae Polynemidae
Antennariidae Congridae Mormyridae Pomacentridae
Apogonidae Congrogadidae Mullidae Pomatomidae
Atherinidae Coryphaenidae Nandidae Scaridae
Aulostomidae Cyprinidae Nemipteridae Scombridae
Balistidae Cyprinodontidae Nomeidae Serranidae
Batrachoididae Diodontidae Notopteridae Sciaenidae
Blenniidae Engraulidae Ophichthidae Scorpaenidae
Bothidae Exocoetidae Oryziatidae Siganidae
Carangidae Casteropelecidae Opistognathidae Syngnathidae
Carapidae Gobiidae Ostraciontidae Synodontidae

Centropomidae

Haemulidae

Pempheridae

Tetraodontidae

Chaetodontidae Holocentridae Pantodontidae Xiphiidae
Characidae Labridae Percichthyidae Teidae
Cichlidae Leiognathidae Plotosidae
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Use of Length-Frequency Data to Estimate Growth
and Mortality Rates for Species Exploited by
Tropical Small-Scale Fisheries in Puerto Rico and
Costa Rica

David K. Stevenson, University of Rhode Island

Abstract

Length-frequency data collected aboard commercial fish trap vessels on the
west coast of Puerto Rico during 1973-74 and from landings of a mixed-gear
fishery in Costa Rica during 1976-77 were used to estimate growth and mortality
rates required for the determination of maximum vield per recruit for individual
species harvested by both fisheries according to a modified version of the Bever-
ton and Holt yield model of particular relevance to the assessment of tropical
fish populations. In both cases, growth rate estimation was based on modal size
progressions and was impeded by 1) low sample size, 2) the “simple” size com-
position of ohserved polymodal frequency distributicns, and 3) the overlapping
of adjacent size groups in individual samples. Component size groups were
separated by mathematical and visual means. Total mortality was estimated
from growth parameters and observed length data. Natural mortality rates could
not be determined from available data in either study. Yield assessments were
performed, however, using published natural mortality estimates.

Introduction

The dynamics of exploited marine fish populations have historically been
evaluated by means of theoretically derived mathematical yield models in order
to determine the maximum biomass of fish which can be extracted from a unit
stock on a continual basis without depleting the population. Although recent
developments in fishery science favor the use of the more versatile management
objective “optimum yield”” (Larkin, 1977, Roedel, 1975}, an estimation of max-
imum sustainable yield (MSY) is still an important first step in designing effective
management strategies for individual stocks.*

Historically, most of the basic fishery research and development of yield
models has taken place in northern temperate waters and has been applied to
relatively slow-growing, long-lived species. The widely used Beverton and Holt
“analytic”’ model (1957) is no exception. This model is more powerful than other

*Given the high species diversity of tropical marine ecosystems and the degree of
ecological interaction among species, however, it is questionable whether unit stock models
adequately predict maximum yields for multispecies tropical fisheries. In fact, the unit stock
concept itself may not apply to tropical species with highly restricted distributions (those
species that inhabit coral reefs, for instance}.
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models in the sense that it permits a more effective approach to management.
When size-selective gear is used, fishing effort and gear may be regulated in-
dependently to achieve MSY. At the same time, this model has more rigorous
data requirements and is limited by assumptions such as const. nt mortality and
growth, and the fact that the rate of recruitment to the exploited population is
seldom known,

The original Beverton and Holt yield model has been modified (Holt, 1962;
Kutty, 1970) for use with tropical fish populations by the substitution of size-
dependent terms for age-dependent terms, and the use of exploitation rates ~nd
mortality/growth ratios rather than individual estimates of growth, natural mor-
tality, and fishing mortality. Beverton and Holt {1964) published a set of yield
tables which permit the determination of yield per recruit relative to maximum
vield per recruit* for known values of three parameters: 1) the ratio of natural
mortality to growth (M/K); 2) the exploitation rate, or the ratio of fishing mor-
tality to total mortality (F/Z); 3) the ratio of the length-at-first-capture *o the
theoretical maximum length attained by each individual in the population
{I/Loo)

For tropical species which do not exhibit marked seasonal fluctuations in
growth and thereiore cannot be reliat,;y aged by conventional techniques com-
monly applied to tempzrate species (e.g., scale annuli), parameter estimation
techniques and vield calculations based on size information represent an imoor-
tant step forward.

Procedures have been developed for estimating instantaneous growth rates
from modal progressions of individual size groups over time and for estimating
total mortality from length data with known growth rates. In the studies reported
on in this paper, growth was assumed to conform to the model proposed by Ber-
talanffy (1934):

Iy = L, (1-ekltty)) )

where It = the length of any f.sh at time (age) t,

L = the theoretical maximum length attained by each fish in the
population,

k = the average instantaneous rate of growth,

to = thetheoretical time (age) at which growth begins

transformed to its linear regression form:

loga(loo 1)) = log, Lo + kt, -kt (2)
where [, = the mean or modal length of a given size group at time t

as derived by Ricker (1975). In this procedure, the parameter L, can be derived
by repeated trial-and-error regressions until the best least-squares fit is obtained,
or it may simg.y be assumed to equal the length of the largest fish observed in the

*Yield is expressed on a "'per recruit” basis when recruitment (the number of individuals
entering the exploitable population per unit time) is unknown.
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catch as long as the larger fish in the population are retained by the sampling
gear and as long as fishing pressure is not so intense that the largest fish have
been selectively removed from the population. If the largest fish are not
represented in the catch, theoretical maximum lengths can sometimes be ob-
tained from the literature.

The to:al mortality rate Z as expressed by the negative exponential equa-
tion

— -7t

Ny =N e (3)
where Ng = the number of fish in a given cohort born at time zero,

Nt = the number of fish in the same cohort alive at a later time t,

Z = the annual instanianeous rate of total mortality derived from

an equation derived by Beverton and Holt (1956), in which
K(L, -1

z=Rle 1) (4)

{-1

C

where I .= the mean length at first capture,

1 = the average length of fish captured larger than le.

For both growth and total mortality rate estimation, length data may be obtained
directly from samples of commercial landings.

In addition to the limitations imposed on the estimation of model
parameters by tropical ecosystems znd the unique features of many tropical
fishery resources (e.g., a multiplicity of species, less predictable growth cyzles,
prolonged and/or multiple spawning seasons, short life cycles, high growth and
mortality rates), the assessment of populations harvested by tropical small-scale
fisheries is complicated by the difficulties involved in collecting reliable data
from a fishery which operates from, many remote shore bases and which may
market only a proportion of the catch through normal channels, thus bypassing
the usual data-recording system.

Research conducted in Puerto Rico during 1973-74 and in Costa Rica during
1976-78 was designed to test systems of data collection and analysis useful for
the assessment of stocks harvested by tropical small-scale fisheries. The manage-
ment objective was the determination of MSY by means of the modified version
of the Beverton and Holt yield model. Parameter estimation techniques were
primarily aimed at estimating the vital statistics (growth and mortality rates) re-
quired by the model from length-frequency data. In addition, a modest tag and
recapture study was carried out in Costa Rica. Research was funded by the
Agency for International Development through the International Center for
Marine Resource Development of the University of Rhode Island. This paper
briefly presents the results of these two studies and offers a critique of the
methods used to collect and analyze the data.
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Methods and Results

Puerto Rico

Growth and total mortality rates were estimated from length-frequency
data collected aboard commercial fish trap vessels which operated on coralline
offshoie grounds on the west coast of Puerto Rico during 39 fishing trips
made during three sampling periods in 1973 and 1974. Over 10,000 le sth
measuremenis were collected (from two different mesh sizes) for ten species of
reef fish which accounted for approximately 80% of the weight landed during
the study period (fintish only). Instantaneous growth estimates were obtained for
seven species from the length increments of individual size groups with the aid of
a computerized maximum-likelihood estimation technique, which estimates the
mean length of component size groups in a polymodal frequency distribution
(Hasselblad, 1966; Tomlinson, 1971). Total mortality rates were estimated from
observed length data and a priori growth estimates for eight species captured in
both mesh sizes. For six of these species, natural mortality rates were estimated
by the same procedure for lightly expioited populations on Pedro Bank, an off-
shore fishing ground located southwest of Jamaica, by Munro and co-workers
(see Munro, 1974) under the assumption that all mortality was due to natural
causes.

Yield evaluations were performed with the modified Beverton-Holt model
(Beverton and Holt, 1964) for seven species captured in the Puerto Rican trap
fishery (Stevenson, 1978). The results showed ihat two species were slightly
overexploited and five were underexploited, some of them significantly. Mesh
size regulations which would theoretically increase the biomass yield of these
species were not recommended, however, since the capture of a greater propor-
tion of immature fish would significantly reduce recruitment.

Costa Rica

The growth and total mortality estimation procedures tested in Costa Rica
were essentially the same as in Puerto Rico. There were, however, some impor-
tant differences between the two studies. Length data were collected from com-
mercial landings of the small-scale fleet which operates in the Gulf of Nicoya, a
tropical estuary on the Pacific coast of Costa Rica. 1he most important species in
the catch belonged to the family Scianidae (croakers or corvina). Over 40,000
length measurements were collected on a continual basis for one year (July 1976
to June 1977); five sciaenids and one species of mackerel accounted for 85% of
the length data. An improved version of the computerized mathematical pro-
cedure for separating polymodal frequency distributions into component size
groups (Yong and Skillman, 1975) was tested. Total mortality estimates were
derived from the Beverton and Holt equation, but it was not possible to estimate
natural and/or fishing mortality from the length data. No estimates of natural
mortality were available from other sources for any of the species represented in
this study, only for other species of the same genera.

Approximate growth estimates were derived for two sciaenid species from
length data. Total mortality rates were estimated for both sciaenids. A
preliminary yield evaluation vias performed for one species, using natural mor-
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tality estimates for two other species of the same genus. It suggested that a 50%
reduction in fishing effort or an increase of 20 cm in the size-at-first-capture
would increase biomass yield by 9%.

The resource assessment study conducted in Costa Rica was part of an inter-
disciplinary study which included analyses of the costs and earnings of the small-
scale fleet, marketing efficiency, the quality and nutritive value of fish at dif-
ferent stages in the marketing process, anthropological and sociological aspects
of the fishery, and the institutional policy-making framework of the country.

Discussion

Growth Rate Estimates

Efforts to estimate growth were based on the increments in the mean or
rodal lengths of individual size groups in length-frequency distributions com-
piled during defined sampling periods for given gear types and fishing locations
(Fig. 7). Mean lengths were estimated mathematically by means of computerized
maximum-likelihood techniques, and modal lengths were estimated directly
from visual inspections of length-frequency distributions. The mathematical pro-
cedure programmed by Yong and Skillman (1975) is more objective, since it does
not require any judgments about the number of cohorts in the data. Furthermore,
this technique can be applied to shorter time series of length data: mean length
estimation for each individual data set is more precise than visual estimation as
long as sample sizes are sufficiently large and the overlap between adjacent
groups is not extreme. As a general guideline, Cohen (1966) has reported that a
minimum sample size of 400 was necessary for the separation of twc groups in a
single size-frequency distribution. For more than two groups, an even larger sam-
ple size is required.

Growthrates based on visual modal length estimates have been successfully
estimated by a number of authors (Ommanney, 1949; Jhingran and Natarajan,
1969; Thompson ond Munro, 1974; Chapman and van Well, 1978). Since small
sample size and overlap also create problems for visual modal length estimation,
the use of longer time series permits the omission of poorly defined peaks during
certain sampling periods and the estimation of growth rates even when the size
increments during certain time intervals are negative. The establishment of
guidelines for the estimation of “acceptable” modal lengths often removes some
of the subjectivity associated with this procedure.

Once mean or modal lengths have been estimated, cohort sequences must
be identified. This process is much riskier when there are large time gaps between
length samples.

Finally, to estimate growth, “'best guess” estimates of L., must be obtained
from catch data or from published sources and Equation (2) solved repeatedly by
trial-and-error fits to the data using refined L, estimates until the best fit is ob-
tained. Experience has shown, however, that unless a relatively long time series
of length data is available, the iterative solution does not converge to a single
Lo estimate.

Most of the problems which hindered the estimation of growth rates from
length data collected in Puerto Rico and Costa Rica involved the determination
of reliable mean and modal lengths. In most cases, these problems were caused
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by some biological feature of the exploited populations. A brief discussion of
three of the major problems follows.

Collection ot length data

i

Compilation of monthly data, by species, in-
to length-frequency tables according to gear
type and fishing zone

—

Inspection of length-frequency distributions .
. . Polymodal frequency analysis
for possible combinations _

Mathematical

: Visual
Mean length estimates

Modal length estimates
A more objective procedure which does not

require a long time series, but does require

large sample sizes and minimum overlap

between adjacent cohorts:

computer programs NORMSEP and
ENORMSEP overlap extreme

—

Connection of given cohorts in time series

A more subjective procedure which requires
a longer time series and a working definition
of what constitutes a modal length, espe-
cially when sample sizes are low and

L o Estimate

Best guess from observed data or published

information
Growth rate estimation by linear regression fteration
t Not relicble unless time series is relatively
long

Figure 1. Schematic diagram showing series of steps leading to estimation of instantaneous
growth rates from length-frequency data.

Reduction of Sample Size by Gear and Location Effects. The number of modes
and the approximate size range represented by each often varied in samples col-
lected at the same time in different locations or with different gears, thus
eliminating the possibility of combining length data obtained from different
sources and reducing sample sizes to such low levels for the less frequently
sampled species that rmean or modal lengths could not be reliably estimated.
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This problem was expected for fish captured with size-selective gear (e.g., gill
nets and wire mesh traps), but less so for fish captured in different locations.

The effect of locations was not limited to depth differences. Length data for
three reef species captured in 30 m with the same gear and over the same time
period in Puerto Rico varied considerably over a distance of only five kilometers.
The movements of reef fish have been reported by several author< to be very
limited (Randall, 1962; Moe, 1972; Springer and McErlean, 1962), suggesting that
small populations in separate locations may respond independently to variable
fishing pressure in the separate locations. In the Gulf of Nicoya, annual length
data for several species captured in contiguous zones with the same gear also
varied considerably (Figs. 2 and 3), suggesting that even in estuarine waters with
strong tidal currents fish do not move around a great deal and are therefore dif-
ferentially vulnerable to variable fishing effort. In this example, Micropogon
altipinnis were harvested by the small-scale fleet in both Zones 2 and 3, but also
by shrimp trawlers in Zone 3.

In order to use length-frequency data for growth rate estimation, one must
differentiate fish captured in different zones and with different gear types. Ac-
curate data collection calls for a working definition of fishing zones based on
lengths-at-capture by a given gear type. There is evidence that some demersal
tropical fish populations may be composed of a number of site-specific
subgroups. For these species, growth rate estimation based on increments of in-
dividual size groups over time requires either a large amount of data collected
from different locations or sufficient data from a very specific location. Only the
former alternative is acceptable in the case of species being sampled for the first
tirne, since the range of site-specific size variations will be unknown.

“Simple” Size Composition. Length data collected for many tropical species in
Puerto Rico and Costa Rica frequently revealed the presence of only a few well-
defined size groups. Data coliected over a size range of 30-120 cm for Cynoscion
albus, for example, revealed cnly two or three dominant size groups, suggesting
that the entire population in the gulf may be composed of less than four year
classes (Fig. 4). Length data for smaller species exploited by small-scale fisheries
in Puerto Rico and Costa Rica over a more reduced size range typically revealed
even fewer size groups, often one or two. In cases where three or four size groups
were sampled in a short size range, size variations were most probably caused by
multiple spawning periods and/or differential growth of male and female fish of
the same year class.

The continual presence of a single size group in length-frequency data col-
lected at different times during the year suggested that recruitment of young fish
to the exploited population was constant as a result either of continual spawning
or of immigration of young fish to the fishing grounds. Constant recruitment was
not implied for any of the reef species captured in the Puerto Rican trap fishery,
but was observed for at least one of the principal species captured in the Gulf of
Nicoya (Fig. 5). Growth could not be estimated from length data, which revealed
no progression of modal lengths over time.

The use of size-selective gear contributed to the “simple” size composition
of many length-frequency samples. If possible, gear such as gill nets or wire fish
traps should not be relied on for length data. Since size-selective gear is common
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Figure 3. Average annual length-frequency distributions for Micropogon altipinnis collected
in 12.5-15.0 cm mesh gill nets, Zones 2 and 3 in the Gulf of Nicoya, during the period July
1976-june 1977.
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in tropical small-scale fisheries, however, it scems impractical to avoid sampling
commercial catches made with these gear types

Even wher reliable mean or modal length estimates can b obtained from
size-frequency daia collected over time, the presence of only a few size groups
reduces the number of data sets from which an overall growth estimate is aver-
aged for a given species. At the same time, if growth is relatively rapid, each sire
group may be represented in the data for only a few months; thus, growth rates
will be based on a number of short-term modal progressions rather than on a few
progressions which are based on a large number of length-at-time data. Growth
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estimates based on short-term c'ata are less reliable if there is any seasonal varia-
tion in growth. Moreover, data collected from size-selective gear which captures
fish only at lengths near their theoretical limiting length (L ) will also produce
unreliable growth estimates
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Figure 6. Monthly Iength-frequen.cy distributions for Micropogon altipinnis collected in
12.5-15.0 cm mesh gill nets, Zons 2 in the Gulf of Nicoya, during the period July-November
1976.

“Overlapping” Size Groups. As was the case with low sample size, the greater the
degree to which adjacent size groups in polymodal length-frequency distribu-
tions overlapped each other, the greater the error with which compornent mean
or modal lengths were calculated, even for species which were sampled in abun-
dance. For example, for mathematical mean length calculations performed with
the computer from 1,853 length measurements of Micropogon altipinnis taken
over a five-month period (Fiy. 6), adjacent size groups overlapped to such a
degree that the variances for individual mean length estimates were often ex-
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cessive, producing unacceptable interval estimates of mean length (Table 1)
Moreover, the high chi-square values indicated very little agreement between
observed and predicted length frequencies. For seme sampling intervals (July, in
this example}, use of Hasselblad’'s method led to more than one set of possible
mean length estimates and no justifiable basis for selecting one set over the

oiher
Month XL XL XL x2 P
1 2 3

July 5672 £104 6402 244 6837 %42 712 0.20

6317 47 6756 33 7198 b6 106 <010
Aug 4467 130 6421 34 - - 2291 <0725
Sept 5121 100 6103 46 6674 43 1477 <005
Oct 5863 110 6427 37 6780 50 351 <075
Nov 5434 160 6702 54 - - 10 55 0 48

Table 1. Point and interval mean lengths for Micropogon altipinnis estimated from length-
frequency data collected in 12.5-15.0 cm mesh gill nets, Zone 2 in the Gulf of Nicoya, Costa
Rica, during the period July-November 1976 and analvzed by a maximum-likelihood pro-
cedure (ENORMSIE P)

In fact, mathematical analyses of length data collected in Costa Rica were
abandoned completely in favor of visual modal length determinations. Visual
determinations of modal lengths were alse hinderced by the overlap problem,
however, since two intersecting size groups can produce “false” length-
frequency maxima. As a result, modal lengths were estimated only for those
species with clearly defined size groups

Mean length estimates by means of computerized maximum-likelihood
estimation were more successful in Puerto Rico. Although low sample sizes and
overlap often produced wide interval estimates, the greater delay between
samples (eight months and four months) resulted in size increments which in
most cases produced mean lengths which were significantly different. Only in the
case of relatively slow growing species could growth be estimated from such
widely separated sampling periods: instantaneous growth for six of the seven
species studied in Puerto Rico was between 0.20 and 0.30. Even in cases where
mean lengths were mathematically determined, however, overlap frequently
caused the “disappearance” of certain size groups at certain sampling times and
reduced the data available for growth rate estimation.

Mortality Rate Estimates

A method for estimating total mortality which does not require a priori
growth rate estimates relies on estimates of the relative abundance of at least
two size groups in a given size-frequency distribution. Although the absolute age
of these size groups need not be known, the time which is required for fish in
group A to attain the size of fish in group B must be known. Furthermore, both
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size groups must be captured beyond the selection range of the gear being used.

This parameter estimation procedure required the use of the same com-
putertized polymodal frequency analysis procedure used to estimate mean
lengths for growth rate estimation, and was hindered by the same problems
Moreover, McNew and Summerfelt (1978) have reported that the maximum-
fikehhood estimation of relative abundance for individual size groups in a
polymodal length-frequency distribution with the ENORMSE P program is subiect
to greater error than mean length estimation Also, since the “transition time”
between size groups A and B must be known, this method is severely limited by
the fact that male and female fish may grow at different rates and that some
>pectes may spawn more than once a year (Weber, 1976, Munro et al |, 1973)

Tota! mortality rates were estimated from average annual length-frequency
data for eight species captured in Puerto Rico and for two species captured in
Costa Rica by means of the Beverton and Holt Equation (4), using a priori Lo
and K estimates and observed . and [estimates The parameter I was defined as
the lower boundary of the first length ¢lass that was 100% retained by the gear;
e, the first distinct frequency masimum n the annual length-frequency
distribution  In those cases where the first mode was not very distinct, Z
estimates were repeated using twol  values

Beverton and Holt (19%56) outlined ¢ number of theoretical bases for
estimating fishing (+) and,‘or natural mortality (M) rates from catch samples in
the absence of absolute age information. These methods do require information
on fishing effort The three essential requirements for obtaining these estimates
are: 1) there must be changes in fishing intensity, either with time or in relation to
the stock as a whole, or with the age of the fish, 2) these changes must be large
enough to produce measurable changes in tota! mortality; and 3) the different
fishing intensities must be known and expressed in standardized units so that
they are proportional to the values of F that they generate. Fstimates of F and M
can be obtained under any of the following situations: 1) when fishing effort is
stabilized at two different levels: 2) when fishing effort varies continuously with
time; 3) when rishing effort varies with the age of the fish

Marten (1978) derived an equation for estimating total mortality implicitly
from length parameters without requiring an a priori estimate of growth, and pro-
vided an example of how the natural mortality of the population can be
estimated from differences in the total mortality rates of fish caught with
variable fishing intensity in two different fishing zones This approach requires
that natural mortality and growth remain constant in both locations.

No estimates of natural or fishing mortality were obtained from length-fre-
quency data collected in Puerto Rico or Costa Rica. The first two alternatives
listed above require a longer time series of catch (weight or length) and effort
estimates than were available in these studies and are complicated in situations
where different gears are used to harvest the same species. The last alternative
requires fishing effort to vary according to the age of ‘ish captured by two dif-
ferent gears—e. g, as a result 0. gear selectivity —and was tested with length-fre-
quency data collected with gill nets of variable mesh size in the Gulf of Nicoya
with unsatisfactory results. For a gill net fishery, the method requires that: 1) two
size groups be exploited selectively by one mesh size, while a third is exploited
with 100% afficiency (i.e., probability of retention) by the same mesh; 2} the
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same three size groups be exploited concurrently in a smaller-meshed net or by
some reference gear (e g, a trawl) with 100% efficiency; and 3) two of these
groups remain in the exploitable size range for three months or more

Due to the extremely simple size compositions of the species samples in the
gult, these requirements were not met by any of the species studied In fact, this
method has very little application to any short-lived, rapidly growing tropical
species, especially those captured with selective gear which may impose a iower
anrd an upper limit to sizes-at-capture Also, the use of trawls as reference gears
15 severely restricted in areas of coral growth

Natural mortahity rates which were used to determine maximum relative
yield per recruit in Puerto Rico (Stevenson, 1978) were obtained from M/K
estimates for presumably unexploited populations of the same species on Pedro
Bank (see Munro, 1974) after some adjustments in the original estimates had
been made The probability, however, that unexploited populations can still be
found is »o fow and the costs of obtaming sufficient data from them are so high
that this alternative would seem to hold very hittle future promise

Conclusions and Recommendations

The use of maximum-iikelihood estimation techniques with length-
frequency data collected from small-scale fisheries in Puerto Rico and Costa
Rica met with mixed success. Growth rates were estimated for six reef species in
Puerto Rico sampled during only three sampling periods, and with intervals be-
tween samples of erght and four months. In Costa Rica, data were collected con-
tinuously over an entire yec:, but in very few cases were obvious modal progres-
sions detected. For the Cc 1. Rican data, separation of individual size groups in
polymodal fength-frequency distributions with the ENORMSEP program was
abandoned in favor of visual analyses, due to low sample sizes and extreme
overlap between adjacent size groups. A promising recent contribution, which
recognizes the need to make some initial judgments when analyzing mixed size-
frequency distributions, is an interactive computer program developed by Mac-
Donald and Pitcher (1979).

Tropical fish pose special problems for growth estimation from modal size
progressions, since spawning may oe continuous or extended over several
months, sometimes more than once a year. Reliable growth estimation is also
more difficult for short-lived, rapidly growing tropical species, which may remain
in the exploitable size range for only a few months at a time. This problem is
magnified when length data are co!lected from size-selective gear.

The lack of reliable length-at-age data also limits the estimation of total
mortality to species with known growth estimates, unless wider use is made of
Martén’s equation. The most promising simple way to estimate natural mortality
may be to collect information on spatial or seasonal fishing effort variations and
relate it to changes in total mortalitv. The fact that many tropical demersal
species apparently move around so little means that greater attention must be
devoted to collecting accurate information from a few carefully selected sites.

Despite the problems involved in the interpretaticn of size-frequency data,
it is readily available, and fishery biologists will continue to make use of this
source of information for determining growth and mortality rates of species ex-
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ploited by tropical small-scale fisheries.

It is important to understand what the risks involved in using size-frequency
data are, so that maximum effort can be devoted to the collection and analysis
of data for only those species whict «row some promise. Preliminary, short-term
surveys of commercial landings are called for before major commitments of
time, manpower, and money are made. Landings surveys to collect length-
frequency data should be combined with estimates of catch and effort informa-
tion, thus increasing the overall chances of eventually estimating MSY Landings
surveys need to be complemented with basic life history studies, since so little is
known about the biology of mos. species exploited by tropical small-scale
fisheries.

Finallv, there is the question of whether unit stock models that require a
great deal of information are useful tor assessing multispecies tropical fisheries.
The future of stock assessment for these fisheries clearly demands either simpler
models, which do not require so much or such high-quality information, or more
comprehensive models, which will account for interspecies interactions and
which will undoubtedly be even more data-intensive than unit stock models.
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A New Methodology for Rapidly Acquiring Basic
Information on Tropical Fish Stocks: Growth,
Mortality, and Stock Recruitment Relationships

Daniel Pauly, International Center for Living Aquatic Resources Manage-
ment, Manila, Philippines

Abstract

Comparative methods are presented which allow for quick and relatively
reliable growth parameter estimates when growth data are not at hand. One of
these methods involves the use of a newly developed “auximetric grid.”’

An empirical equation for the estimation of natural mortality of any fish
stock, given a set of growth parameters, is briefly reviewed

The metiiods are applied to data from the Gulf of Thailand trawl fishery,
and the mortality caused by this fishery is estimated

The equations and data needed to derive stock recruitment relationships
given catch, effort, and fishing mortality data are stated, and stock recruitment
relationships are given as examples which pertain to the false trevally Lactarius
lactarius and to the Indian halibut Pset:odes erumei. In the latter fish, the
demonstration is made that both recruitment and prerecruitment mortality, from
1960 to 1972, have been closely related to the size of the tota' demersal standing
stock in the Gulf of Thailand.

These various exercises are presented in order to demonstrate that an ex-
haustive analysis of the data available to date from tropical stocks and fisheries
would contribute greatly to our understanding of the dynamics of tropical
multispecies stocks

Introduction

The fishery biologist working in the tropics, except when working on pelagic
fishes, such as the scombroids and some clupeoids, will generally be faced with
several, if not all, of the following problems:

1. The fishery under investigation catches and lands a large number of
species, and relatively few specimens of one single species.

2. There are no reliable catch, landing, and effort data available to assess
the fishery, and especially no time series of such data.

3. There exists no suitable theoretical model into which these data could be
plugged, even if primary data are available.

4. There are no funds, no scientists, no time available even to apply stand-
ard methods and to use standard models of stock assessment.

The irony is that whoever is facing these problems is still expected to
generate figures for the various departments of fisheries. {See Marr, 1976, or
Pauly, 1979¢c, for a review of problems occurring in tropical multispecies
fisheries.)
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The following are two temporary solutions to some of these problems:

1. Better use can be made of the available data on the biology of tropical
and other fishes.

2 There is a need to use the data on the biology of tropical fishes (especially
growth and mortality rates, as described herein) and the available catch per ef-
fort data generated by the fisheries in conjunction with the most sophisticated
concepts now available for the investigation of temperate fisheries

Both of these points have been conspicuously ignored in the literature, with
the result that the analysis of stock recruitment relationships in the tropics is still
in its infancy, although data are available which can be used for this purpose
(Pauly, 1979b). Only when such concepts are routinely applied will it become
possible to develop and successfuily apply the sophisticated multispecies in-
teraction models which are actually required and which have been, possibly
prematurely, proposed (eg, Pope, 1979) for the management of tropical
multispecies stocks.

The present contribution, therefore, has two aims: 1} to describe ““short-cut”
methods by which certain important parameter values can be generated, even
when the commonly used primary data are lacking (this should illustrate Solu-
tion 1, above); and 2) to use the parameter values generated in (1) to
demonstrate the existence of stock recruitment relationships in selected tropical
stocks (this is meant to illustrate Solution 2, above).

The Analysis of Growth

For stock assessment purposes, growth is best expressed in terms of the von
Bertalanffy growth formula (VBGF), which has the following form for length:

K (t-tg)
Ly = Lg (1-e ) (1
and for weight:
K (t-tg) 3
Wi = W, (1-e ) (2)

Actually, Equation (2) is the one that is most useful, since it expresses
weight growth, and it is the weight of the catch we are interested in. Therefore,
we need values of

W, . the asymptotic weight,
K the stress factor,

and t,, the origin of the growth curve, for each species of fish that we want to in-
clude in our stock assessments.

Values for the parameters can be obtained as follows:

1. Growth parameter values may have been published which pertain to the
stock in question, or to a closely related one. Sources for such values are scien-
tific journals, textbooks, and review papers, or lists of growth parameters that
have been compiled especially for the purpose of assisting fishery biologists
working in the field (e.g., Pauly, 1978a, which covers more than 1,500 different
stocks distributed over 500 species, over 100 of which occur in the tropics).

2. Another source of growth parameters is obviously the fishery biologist’s

'
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own work with length frequencies, scales, ocoliths, and the like. This method is
most often time-consuming, and will have its limits when a multispecies stock
composed of several dozens or even hundreds of species is inve stigated

3. Another method is to use what is presently known of the growth of fish in
general to make reasonable estimates (or educated guesses) of the growth
parameters of little-investigated stocks

It is the last method which will b2 discussed here Two approaches, adapted
from Pauly (1979a), are:

1. to use the relationship between K and asymptotic size, and

2 touse an auximetric grid
It bas been noted by many authors that in a given fish species K increases as
asymptotic size decreases, and vice versa; there has been, however, no attempt
to quantify this effect. Using data from 126 species, distributed over 978 stocks, |
have shown that, on the average,

logK = a- % logW, (3)
or
logK = a"- % log L3°° (4)

The data used for the derivation of these relationships are given in Pauly (1979a),
together with an interpretation of this result. While the interpretation need not
concern us here, an example may be presented as to how this relationship may be
used.

Chomijurai and Bunag (1970) presented tagging data on Scolopis cancellatus
from which, using the method of Gulland and Holt (1959), | have extracted the
following growth parameters:

Lo = 20cmandK = 1.33.

This provides us with an estimate of the intercept in Equation (4) of a’ = 2.725.
As will be seen below, an estimate of Lo and K in Scolopis taeniopterus is re-
quired. As the latter species in the Gulf of Thailand reaches a size of about 28 cm
(Boonyubol and Hongskul, 1978), an estimate of the asymptotic length may be
obtained by means of the relationship

L _ Lmax
(20) 095 (5)

which applies to fishes which reach a length of about 50 cm (see Pauly, 1979a,
for reasons). Note also the coding of L {c0). to distinguish it from an estimate of
L as obtained from qgrowth data; e.g., by means of a Ford-Walford plot. The
use of Fquation (5) and Lmax = 28 cm provides us with an estimate of L (o) =
29.5 cm, which, when used in conjunction with a’ = 2.725 and Equation (4), gives
an estimate of K = 0.6, if it can be assumed that Scolopis cancellatus and
Scolopis taeniopterus have similar growth patterns. This technique, which stric-
tly speaking can be applied only within species, may be applied between species,
if they are congeneric and ecologically similar, as is probably the case in the ex-
ample here.

The second method —i.e., the auximetric grid—is related to the first method
in that the relationship between K and asymptotic size is used, although in a
slightly different manner. When the VBGF describes the weight growth of a fish
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{stock) adequately, the growth rate(_dﬁ-) at the point of inflexion of the growth
curve is given by dt

dwi_ 4-K-We (6)
dt 9
{Hohendorf, 1966; Pauly, 1979a)
I have defined
P = log) (KW ) (7)

and shown that, if W, is expressed in grams, and K in years, the value of P
ranges in marine fishes between about -0.70 for small Myctophidae to 5.79 for
the basking shark Cetorhinus maximus and about 6.20 in the largest of all fishes,
the whale shark Rhincodon typus (Table 1). The interesting point is, however,
that the value of P is within species relatively constant, with values, for instance,
of 34 to 35 inthe cod Gadus morhua, 2 2 to 2.3 in the croaker Pseudotolithus
elongatus, or 4 0 to 4 2 in the skipjack Katsuwonus pelamis. The character of P,
which 1s in fact an index of growth performance, is best demonstrated by
transposition of the concept into a special grid called the “auximetric grid” (from
the Greek auxein, “to grow,” and metron, “'to measure”’). The absissa scale of an
auximetric grid consists of values of log K (on a yearly basis), with the range
covered by both scales choser in such away that normal-sized commercial fishes
appear near the center of the grid (Fig. 1).

Table 1. Growth parameters and values of P in representative marine fishes {from Pauly,
1979%a)

Family Species w K P

1 Myctophidae Notolychnus valdiviae 014 141 -0.7¢
2 Gasterosteidae Apeltes quadracus 123 1174 0.16
3 Cyprinodontidae Cyprinodon macularius 0.538 3.391 0.26
4 " . " 0.703 2995 032
5. Myctophidae Myctophum punctatum 6.56 0.323 0.33
6 Cyprinodontidae Cyprinodon macularius 0710 3.223 0.36
7 Myctophidae Benthosoma glaciale 572 045 0.41
8 Syngnathidae Siphonosoma typhle 6.2 0.558 0.54
9 (asterosteicae Casterosteus aculeatus 197 1788 0.55
10. Myctophidae Myctophium affine 90 042 0.58
11. Syngnathide - Nerophris ophidion 546 1.052 0.76
12. Myctophidae Scopelopsis multipunctatus 5.4 1.118 0.78
13. Macrorhamphosidae Macrorhampnosus scolopax 217 036 0.89
14. Blennidae Blennius pholis 54 0.30 1.21
15. Cottidae Taurulus bubalis 102 0.230 137
16. . Cottus kessleri 118 0.197 137
17. Maenidae Maena smaris 117 0.218 141
18. Callyonimidae Callyonymus lyra 525 0.49 1.41
= Gadidae Trisopterus esmarkii 47.7 0.59 1.45
D ~- .adasydae Rhonciscus striatus 142 0.229 1.51
2 7 slossidae Cynoglossus macrolepidus 170 0.239 1.61
221 | ulidae Engraulis anchoita 212 0.230 1.69
23. Labridae Svmnhndus melops 190 0.359 1.83
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24,
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44
45
46
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48.
49.

50
51
52

53.
54
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56.
57.
58.
59.
60.
61.
62.
63.

Notothenidae
Carangidae
Polynemidae
Spandae
Scorpaenidae
Zoarcidae
Sciaenidae
Scyhliorhinidae
Leiognathidae
L abridae

Scombridae
Serranidae
Mugilidae
Pomatomidae
Trichiundae
Cadidae
Scombridae
Cadidae
Acipenseridae
Lophiidae
Serranidae
Scombridae
Acipenseridae
Scombridae

Ac.penseridae
Scombridae
Istiophoridae
Scombridae

Istiophoridae
Carcharhinidae

Scombridae
Lamnidae
Rhineodontidae

Also, lines connecting same P values are drawn at regular intervals of P, and
a base line selected (at P = 0). On such a grid, the distance from a point
representing a pair of growth parameters (W, , K) to the base line thus directly
expresses P (see Fig. 1). Figure 2 gives a representation of the range of P (and Woo
and K) values cccurring in marine fishes (see Table 1). The grid may now be used
to define taxa, such as families. Figure 3 gives an example of the definition in
terms of growth parameters of the families Scombridae (= Thunninae and Scom-

Trematomus bernachii
Selaroides leptolepis
Polynemus heptadactylus
Dentex macrophtalmus
Scorpaena porcus
Zoarces viviparus
Pseudotolithus elongatus
Scyliorhinus canicula
Leiognathus equulus
Labrus berggylta
Tautoga onitis
Rastrelliger kanagurta
Epinephelus guttatus
Mugil cephalus
Pomatomus saltatrix
Trichiurus lepturus
Pollachius virens
Sarda sarda

Gadus morhua
Acipenser stellatus
Lophius piscatorius
Roccus lineatus

Auxis thazard
Acipenser giildenstadti
Euthynnus alliteratus
Katsuwonus pelamis
Huso huso
Katsuwonus pelamis
Tetrapterus albidus
Thunnus obesus
Istiophorus platypterus
Prionace glauca

o

Eulemia milberti

"

Thunnus thynnus
Cetorhinus maximus
Rhincodon typus

brinae) and Cyprinidontidae.

Figure 4, finally, shows the best use to which the auximetric grid can be put;
namely, the definition of species by means of their growth parameters. As may
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0.203
0274
053

1884
0.107
0.165
5.16

0243
0435
0197
0296
0141
0.693
0.181
0192
0.060
0.186
0829
0045
0.164
0.179
0.097
0949
0026
0.114
0.167
0754
0.091
0072
0.610
0.580
0.067
0.308
0.045
0.025

1.95
199
2.05
218
2.19
2.29
2.29
2.46
2.57
2,61
2.67
2.78
271
296
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3.14
320
338
3.47
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351
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444
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Figure 1. An auximetric grid. Plotted are the following parameter values: Wy = 55,200 (g)

and K = 0.179 for Katsuwonus pelamis, and W, = 6.5F and K = 0.323 for Myctophum

punctatum. (From Table 1.)
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Figure 2. Definition of the area of the auxlmetric grid that is covered by a representative
selection of marine fishes. (Based on data of Table 1.)
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Figure 3. Definition of two families of fishes (Cyprinidontidae and Scombridae) by means of
the auximetric grid. Each dot represents one species. {Based on data in Pauly, 1978a.)

be seen from this figure, there is only a limited range of values that P can take in
a given species. This results in an equally limited range of possible Weo and K
combinations. Thus, given the growth parameters of a series of fishes more or
less closely related to those one is investigating, it is possible to select a most
likely value of K from a reasonable estimate of asymptotic weight.

There are other uses to which the auximetric grid can be put (Pauly, 1979a),
but its property of allowing for reascnable estimates of K given W, is certainly
the most interesting one as far as stock assessment in the tropics is concerned.

The methods outlined above to “guesstimate” the asymptotic size and the
value of K in fish stock do not generate estimates of t,; that is, of the "age” at
the origin of the growth curves. There are cases, however, where an estimate of
to, even a rough one, may be needed. In such cases, it may be helpful 5 use the
empirical relationship

log =(-to) = 0.3922-0.2752-log L, -1.038 - log K (8)
which yields rough estimates of tg, for any fish, given a value of L, (incm) and a
value of K (on a yearly basis), and which was derived by Pauly (1979a) on the

basis of 153 triplets of tg, Lo, and K values selected from a compilation of
growth parameters (Pauly, 1978a).
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Figure 4. Defimition of some species of fishes by means of the auximetric grid Note that the
We, . K combinations fit into ellipses, whose main axis should have a slope equal to
-%.(Growth parameters from Pauly, 1978a )

Natural Mortality

Estimating the natural mortality ot a given fish stock is generally extremely
difficult (unless the stock is unexploited) and the lack of reliable estimates of
this all-important parameter is one of the major stumbling blocks for fishery
biologists attempting to perform stock assessments. This applies especially to the
situation in the tropics where statistical data generated by the fishery cannot be
used to estimate this parameter. Luckily, it appears that M, the exponential rate
of natural mortality, closely correlates with the growth parameters and to the
mean habitat temperature of a given stock, to the extent that a knowledge of the
asymptotic size of a stock, of its stress factor K, and of its mean habitat
temperature is sufficiert to obtain reliable estimates of M for any species of fish.
The empirical relation hip linking all these variables is, for length:

log M =0 ::840.1912-log Lo +07485-log K + 0.2391. log T (9)
and for weight:
log M = 0.1091-0.1017- log We, + 0.5912. log K + 0.3598- log T (10)

where T is the mean environmental temperature, in OC (e.g., as read from an
oceanographic atlas), while Ly, is expressed in cm (Lt) and Wy, in g (live
weight). These relationships were derived from 122 independent sets of Lo
(W ), K, T, and M values which had been compiled and/or -alculated from
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aterature data Both relationships have coefficients of multiple correlation of R
= 0.8, and slopes all significantly # 0 (Pauly, 1978b) The relatively high vaiue
of the coefficients of multiple correlation (with 118 df and p = 001, a value of R
= 0303 would still be significant) suggests, in tact, thet the estimates of M ob-
tained by means of Fquation (9) or (10) should be very reliable, especially since
values of M completely off the mark are virtually impossible {as opposed to the
situations, often arising, when Z is plotted on f, where impossible values of M, in-
cluding negative ones, can easily occur, as shown by Ricker {1975, pp 172-174])
A binlogical interpretation of the empirically established relationships between
M and the growth parameters and the habitat temperature s attempted in Pauly
{1978b) and Pauly (in press)

An important feature of the fact that reirable values of M can be obtamed
independently of estimates of Z 1s that it becomes possible to estimate b by sub-
traction (from Z) and or to estimate the catchability coetficient g of a gedr trom
a single value of Z with contemporary value of effort: Say, for example, we know
in 1978 the fleet ot artisanal crafts of country A consists ot 520 units (similar
canoes, all operating similarly) totaling 520 x 220 fishing days per yvear = 114,400
fishing days in that year Say, also, that the mean value of Z for the stock ex-
ploited by this tleet in 1978 was 080 Say, finally, that we know the growth
paerameter of the tish of this stock, and that they roduce, when combined with
the mean annual temperature at the fishing grounds, a value of M = 0 35, then |
= (080-0 135 Withf = 045, 1t tollows that

q_ 045

- 22 = 000 (1
114,400 0004

This method for estimating ¢ i1s not new Ricker (1975) discussed its application
to the arcto-Norwegian cod (pp  172-174) The point s that (t can now be used as
a routine method, since it is easier to estimate M than to estimate q

An application of this method may be demonstrated here Table 2 gives
values of Leg , K, and M for six species of fishes occurring in the Culf of Thailand,
Mbeing calculated from the Ly, and K values, a value of T = 2809C and Fquation
(9). Also given 15 the selection factor (SF) of these six fishes, as given in Sinoda et
al {1979), and the mean length at first capture (L Jresulting from a 4 cm mesh
size.

Boonyubol and Hongskul (1978, Takle 8) give for these six species of fishes

Table 2. Values of constants used for computing values of F (Based on data from Fauly,
19784 and 1978b ) t ; refers toy the 4 0 cm meshes used by R’V Pramong 2.

Species Loo K M SF¢ L¢
Nemipterus pernoii 289 046 087 30 12
Nemipterus japonicus 289 047 088 24 96
Scolopsis taeniopterusb 295 06 105 2.4 96
Selaroides leptolepis 200 116 185 25 10
Saurida undosquamis 400 100 145 36 14.4
Priacanthus tayenus 290 12 177 19 76

a from Tables 1and 2 in Sinoda et al (1979)
b. See text for growth paramet.'r estimates
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the mean length (L) in the catch of R/V Pramong 2 (which uses 4 cm meshes) in

the years 1966 to 1976 (see Table 3). From the data in Tables 2 and 3, values of F,

by year and specics, can be obtained through the relationship
F=Klol) .m (12)

(L-va)
based on Beverton and Holt (1956) The resulting fishing mortality values are
given in Table 4 Since we have fairly accurate effort data (SCS, 1978) for the
Gulf of Thailand dernersal trawl fishery, we may also estimate the value of q, by
species, and a mean value of q pertaining to the whole fishery. We obtain in this
manner a mean value of @ = 0.31, when effort is expressed in millions of trawling
hours (Table 4).

Table 3. Mean length of fishes (L) caught by R,V Pramong 2 in the Gulf of Thailand (from
Boonyubo! and Hongskul, 1978, Table 8)

Species 1966 1967 1968 1969 1970 1972 1973 1974 1976
Nemipterus peronn 164 169 159 169 161 10 2 141 134 —

Nemipterus japonicus 148 149 14 2 132 126 — 121 115 121
Scolopsts taeniopterus 146 158 151 14 2 155 128 10 110 124
Selaroides leptolepis 132 130 130 1317 124 123 120 126 109
Saurida undosquamis 213 20 2 200 214 214 146 187 17 5 172
Priacanthus tayvenus 157 155 161 149 144 166 128 128 142

Table 4. Fishing mortality, by year and species, with estimation of a mean value for the
catchability coefficient (q)

Species 1966 1967 1968 1969 1970 1972 1973 1974 1976 q
Nemipterus naroni 044 026 068 027 058 -~ 232 430 — 028
Nempterus japonicus 039 03 062 117 167 -- 228 342 228 029
Scolopsis taentopterus 074 028 052 095 037 208 688 - 261 0.34
Selaroides leptolepis 062 08 08 073 182 203 279 145 -— 029
Saurida uadosquamis 08 15 172 081 08 — 310 541 629 050
Priacanthus tayenus 020 028 005 055 081 - 197 157 092 0717
Total Effort (f), million hours 208 280 350 360 380 719 994 606 (99 —
Fishing Mortality® 064 087 109 112 118 223 308 188 279 -

4 Etfort for 197615 an estimate, other values from SCS (1978)
b f=3g.f,withg= 031

That this estimate of Q is not unreasonable may be briefly assessed. SCS
(1978) reports . hat a surface area of 0.0667 knfis swept during one trawling hour.
Hence, one million trawling hours sweep 66,700 km? or 62% of the 106,800 km’of
inshore waters (<50 m depth) in the Gulf of Thailand. If there were no escape-
ment, the value of 0.62 would correspond to our value of q. The value of

q-106,800 0.31

= = 0.50 or 50% (15)
66700 062 or b

is thus an estimate of escapement. It will be noted that this value happens to be
exactly the one commonly assumed for this kind of gear (SCS, 1978, Isarankura,
1971; Pauly, 1979c).
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Stock Recruitment Relationships and Stock Interactions in Tropical
Fishes

The estimation of § given above, hence the availability of a set of fishing
mortality data, in combination with the excellent catch per effort data given by
the R/V Pramong 2 from the same area, make it possible to derive stock recruit-
ment curves and to obtain evidence of species interactions of a very interesting
kind. Pending a more comprehensive account (Pauly, in preparation), the
method by which such relationships may be made visible is outlined here, in the
hope that it may encourage colleagues to have a second look at what may at first
sight appear to be inappropriate data. | have selected for this exercise the catch
per effort data of R/V Pramong 2 given in Ritragsa {(1976) for the total demersal
stock, for the false trevally Lactarius lactarius, and the Indian halibut Psettodes
erumei (Tables 5-7) :

Table 5. Estimation of the total demersal standing stock size, per year, Gulf of Thailand,
Thai inshore waters

Virgin

Stock 1963 1966 1967 1968 1969 1970 1971 1972
Catch per Effort (l(g/h)a — 249 131 115 100 103 974 663 631
Effort (1in million hours)b 0 0698 2078 2800 3500 3600 1B00 6200 7 188

Total Catch (in thousand tons)© 0 278 436 515 594 593 592 658 726
Fisking Mortalltyd 0 022 064 087 109 112 118 192 223
Standing Stock (in thousand tons) (1978)€1.264 81 592 545 530 502 343 325

a Asgiven inRitragsa {1976, Table 4)

b As givenin SCS (1978)

¢ =(e/f) « £ o (16), the latter tactor correcting for the different mesh sizes used by the commercial
fleet (2 5 cm)and R, V Pramong 2 (4 0 cm) (from Boonyubol and Hongsk ul, 1978)

d Withq = 0 31, as estimated in Table 4

Estimated by extrapolating to f = 0 the natural loganthms of the 1963 and 1966 standing stock values -

plotted on effort

T

The catch per effort (¢/f) values were first converted to estimates of annual
catch (Y) by means of the relationship

Y = (c/f).f.(1.6) (14)

where f is the effort as given in Table 5, and 1.6 is a factor correcting for the fact
that the commercial fleet, by using smaller meshes than R/V Pramong 2, catches
more per unit of effort (the area swept, however, is equal). The 1.6 correction
factor is taken from Boonyubol and Hongskul (1978).

These estimates of annual catch were then used to estimate stock (B) for
any given year by

p=Y (15)

F.

The results are given in Tables 5 through 7. However, stock recruitment analysis
relates recruit numbers to parent stock size, not to overall stock size. It is thus
necessary to reduce, in the cases of Lactarius lactarius and Psettodes erumei, the
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overall stock size to the size of the standing stork of those fishes that have
reached or are above the age at first maturity (t,;). The relationship between the
total standing stock and the standing stock of (potential) parents is, for any fish
species,

B, = B:m (16)

where Bpis the parent stock, B the tot: | stock, and m a correction factor which
is, among other things, a function of fishing mortality. The value of m for any
value of F may be computed from

- + -
Z Z+K Z+ 2 Z+ 3K
1 36Kr1 39-2Kr1- e—jKr1

+
Z Z+K Z+ 2K Z+ 3K

L 2K - -3K
eZry (I 36Kr2 372K P (17)

)

where ry = (t¢-tg),
ry={tm-to),

and 13 = (tgy-te).
The values of m computed by means of Equation (17) are given in Table 6 for
Lactarius lactarius and Table 7 for Psettodes erumei. Both tables also give the
parent stock size obtained by means of these values of m.

Finally, the number of recruits is computed by estimating (he yield per
recruit for each year and its corresponding level of F, and by dividing the yield
per recruit into the catch, or

R =  annual catch (18)
yield per recruit

Table 6. Data for the derivation of stock recruitment curve in Lactarius lactarius in the Gulf
of Thailand, Thaiinshore waters.

Virgin

Stock 1963 1966 1967 1968 1969 1970 1971 1972
Catch perEffor!(kg,h)d -~ 0700 0510 0191 0227 0099 0016 0031 0004
Catch (Y) (in tons)b - 782 1,696 855 1,271 570 97 308 46
Y,"Rllng)( - 327 581 621 629 628 627 555 517
R {*n miilions) - 239 292 138 202 90 8 155 555 890

Standing Stock (in thousand tons) 4,12Sd 3,555 2,650 983 1,166 509 822 160 206

m® 0645 0587 0482 0429 0381 0375 036 0236 0194

Spawning Stock (in thousand tons) 2,660 2087 1277 422 444 191 298 378 40

a Recalculated from Tables 5 through 1310 Ritragsa (1976), which give catch rates of R’V Pramong 2.

b =(ct) . . (16) thelatteriactor correcting tor the different mesh sizes used by the commercial
fleet {2 5 cm)and R VPramong 2 (4 0 cm) (trom Boonyubol and Hongskul, 1978)

¢ Using the tollowing parameter values Wog = 193¢ K = 10, to= 0Lt =02 andM =159
Values based on Apparao, 1971, and Pauly. 1978a and 197Ya

d Estimated by extrapolating to t = 0 the natural loganthms of the 1965 and 1966 standing stock values
plotted on etrort

¢ Witht = Tyear
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Table 7. Data for the derivation ot stock and recruitment data in Psettodes erumei, in the
Gulf of Thailand, Thai inshore waters.

Virgin

Stock 1963 1966 1967 1968 1962 1970 1971 1972
Catch per Effort (kg/h)a -~ 0211 0992 0.594 0.580 0653 0.558 0711 0.504
Catch (Y) (in tons)b - 23 3298 2661 3248 3761 3392 7053 5796
Y/R (in g)c — 301 326 295 265 261 254 187 168
K (in millions) (1 10)e 784 101 902 123 144 134 377 345
IogeR 009 206 462 450 481 497 490 593 584
Standing Stock (in tons) 485d 1073 5153 3059 2980 3358 2846 3673 2599
mf 0808 0691 0469 0365 0282 0271 0252 0.093 0.059
Spawning Stock (in tons) 392 741 2147 1117 840 910 717 342 153

a. Recalculated from Tables 5 through 13 in Ritragsa (1976), which give catch rates of R/V Pramong 2.

b = (c/f) « f « {16), the latter factor correcting for the different mesh sizes used by the commercial
tleet (2 5 cm) and R/V Pramong 2 (4 0 cm) {from Boonyubol and Hongsku!, 1978).

¢ Using the following parameter values: Woo = 1100 g; K = 0.3, t 5= -04;tc = 0.2, and M = 0.58
(based un Kihlmorgen-Hille, 1976, and Pauly, 1978a, 1979a)

d. Estimated by extrapolating to f = 0 the natural logarithms of the 1953 and 1966 standing stock values
plotted on effort

e Based un Equation (20) and the virgin stock estimate of 485 mt

f Witht = 2 years

The yield per recruit itself being estimated from
-Kr1 -2Kr 4 -3Kr1
Y _ 1 e Je e
P Wer (g oY 7T K ZTT R (19)

with rq defined as above, the model being a simplified version (Jones, 1957) of
the equation presented by Beverton and Holt (1957). The parameter values used
for these computations are given in Tables 6 and 7, which also give the number of
recruits estimated in this manner.

In the case of Lactarius lactarius, plotting R on parent stock size resuits in a
typical “Ricker cuive” (Ricker, 1975); the freehand version seems slightly mecre
realistic than the calculated curve (Fig. 5). (The curves differ somewhat from the
one previously published [Pauly, 1979b], mainly because different catch data
were used to estimate the numbers of recruits.) Quite clearly, the dramatic de-
cline of Lactarius lactarius in the Gulf of Thailand, to a virtual disappearance
from the catch (Hongsku!l, personal communication), is due ‘o rec.uitment over-
fishing.

In the case of Psettodes erumei, on the other hand, ihere is obviously no
relationship hetween R and parent stock size (Fig. 6). This fish is one of the few
whose catch did not decrease as fishing pressure increased. (See Pauly, 1979c,
for a preliminary discussion of this feature.) However, plotting the natural
logarithm of the number of recruits produced each year by P. erumei against the
size of the total demersal standing stock (that is, all fishes and invertebrates with
which P. erumei potentially interacts) provides a surprisingly linear relationship
(Fig. 7), which may be described by the regression
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Millions of Recruits Lactarius lactarius
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Figure 5. Stock recruitment relationships in Lactarius lactarius from the Gulf of Thailand.
{Based on data of Table 6.)

|oge R=7.10-4.01 Br,r=10.990 (20)

where R is the number of P. erumei and B is the biomass of the total demersal
standing stock in millions of metric tons. Equation (20), in fact, expresses a
“stock recruitment relationship,” except that the stock in question is not the
parent stock but the overall stock of potential competitors and predators. We
may therefore call this type of relationship an interspecific stock recruitment
relationship, as opposed to the normal intraspecific stock recruitment curve
where the interactions occur within a single-species stock.

The interspecific stock recruitment relationship in Figure 7 suggests that the
extraordinary resilience of this flatfish against a strong fishing pressure is due to
the fact that P. erumei is an r-selected species, whose biomass was being kept at
low levels in the virgin stock. As its predator diminished, however, recruitment to
the stock of P. erumei increased rapidly, which allowed this fish to sustain the
heavy fishing pressure. This confirms the pattern of stock interacticns suggested
in Pauly (1979c). The actual decrease in mortality of the prerecruits of P. erumei
as the total demersal stock declined can even be demonstrated directly.

For the age t = 0 (at which the eggs are shed) and the age tc= 0.2 years (=
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Figure 6. Demonstration of the lack of a stock recruitment relationship in Psettodes erumei
from the Gulf of Thailand. (Based on data of Table 7.)

73 days, the mean age at first capture and recruitment}, the natural mortality can

be estimated for each year through
recruits

eggs produced)

-73

log, (

My = (21)

which provides the mortality estimates of Table 8. These estimates can be
transformed to estimates cf the percentage of prerecruit dying per day through
the relationship

.Md

% dying perday = 1-e (22)

(see Table 8). The values of M d that were obtained range from 0.144 in the
virgin stock to 0.052 in the exploited 1972 stock (Fig. 8). These va"~s, incidental-
ly, compare quite well with those given by Cushing (1976) for plaice (0.05) and
haddock (0.10).

What is most striking, however, is the relationship of these computed mor-
tality values to the biomass of the total demersal standing stock (Fig. 8). The
points for eight different years (plus the point derived indirectly for the virgin
stock) suggest a continuously decreasing prerecruit mortality as the total stock
decreased, with the intriguing possibility that the prerecruit mortality of P.
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Figure 7. The relationship between recruitment in Psettodes erumei and the size of the total
demersal stock. (Based on data of Tables 5 and 7.)

Table 8. Data for the estimation of prerecruit mortality in Psettodes erumei.

Virgin
62 Stock 1963 1966 1967 1968 1969 1970 1971 1972
Number of Recruits { 107) 110 784 101 90.2 123 144 134 377 345
Q@Q Spawning Stock (in lons)b 196 3705 1,0735 558.5 420 455 3585 171 76.5
Eggs Produced { 108)c 392 741 2,147 1,117 840 910 717 342 153

Exp RateofMortalitv(perdav)d 0.144 0125 0.165 0.098 0.089 0088 0.086 0.062 0.052
Percent Dying (per day)€ 134 118 100 03 8.5 8.4 8.2 6.0 51

a. From Table7

b. 50% of parent stock size in Table 7.

c. With 200 eggs per g of adult female, an assumed value based on plaice data (based on Table 59 of
Bagenal, 1973)

d. From Equation (21)

e. From Equation (22)

erumei may be reduced to a negligible amount when all other fishes are removed
(Fig. 8). Indeed, what may be occurring here is one of the first demonstrations of
“density-dependent” mortality in the prerecruits of any tropical stock, along
with one of the first demonstrations of stock interactions of this type.
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Mortality in pre-recruit stages of Psettodes erumei
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Figure 8. The relationship between prerecruit mortality in Psettodes erumei and the biomass
of its potential predators. (Based on data of Tables 5 and 8.)

Conclusions

in the introduction, mention was made of the need for more thorough use of
the data on the biology of tropical fish presently available. Also, it was con-
tended that the combination of such biological data with the data generated by
the fisheries themselves would allow, at very little cost, for a greatly improved
understanding of the dynamics of tropical multispecies stocks. The present exer-
cise may be seen as an illustration of these two points.

References

Apparao, T. 1971. On some aspects of the biology of Lactarius lactarius (Scheider). Indian ).
Fish. 13(1-2):334-349.

Bagenal, T.B. 1973. Fish fecundity and its relation with stock and recruitment. In: Fish
Stocks and Recruitment, B.B. Parish, ed., Rapp. P -v. Reun. Cons. Perm. Int. Explor. Mer
164:186-198.

Beverton, R.J.H., and S.J. Holt. 1956. A review of methods for estimating mortality rates in
exploited fish populations, with special reference to sources of bias in catch sampling.
Rapp. P.-v. Reun. Cons. Perm. Int. Explor. Mer 140(1):67-83.

170



- 1957. On the dynamics of exploited fish populations. Fish. Invest. Lond. (2)19, 533
pp.

Boonyubol, M., and V Hongsku!. 1978. Demersal resources and exploitation in the Guif of
Thailand, 1960-1975 In: Report of the Workshop on the Demersal Resources of the
Sunda Shelf, Penang, Malaysia, 31 October to 6 November 1977, Part Hl,
SCS/CEN/77/13, pp. 56-70

Chomijurai, W, and R. Bunag. 1970. Preliminary tagging studies of demersal fishes in the
Gulf of Thailand In: The Kuroshio, A Symposium on the Japan Current, }.C Marr, ed.,
East-West Center Press, Honolulu, pp 517-524

Cushing, D H 1976 Biology of fishes in the pelagic community. In: The Ecology of the Seas,
D.H. Cushing and j ] Walsh, eds., Blackwell Scientific Publications, pp. 317-340

Gulland, ] A and S | Holt 1959 Estimation of growth parameters for data at unequal time
intervals ) duCons Perm Int. Explor. Mer 25 (1):47-49.

Hohendorf, K 1966 Eine Diskussion der Bertalanffy Funktionen und thre Anwendung zur
Charaktensierung des Wachstums von Fischen. Kieler Meeresforsch. 22:70-97.

Isarankura, A 1971 Assessment of stocks of demersal fish off the west coast of Thailand
and Malaysia 1OFC DEV:771°20

Jones, R 1957 A much simplified version of the fish yield equation Doc. No. P21, presented
at the Lisbon Joint Meeting of Intern Comm. Northw Atl. Fish Intern. Counc Explor.
Seaand FAO, 8 pp

Kuhlmorgen-Hille, G 1976 Preliminary study on the life history of the fiatfish Psettodes
erumer. In Proc of the Intern Sem on Fish Res. and Their Management in Southeast
Asia, K Tiews, ed , Germa.. ‘oundation for Iaternational Development and FAO, pp.

261-268
Marr, ) C 1976 Fishery and resource management in Southeast Asia. RFF/PISFA Paper 7, 62
pp

Pauly, D 1978a A preliminary compilation of fish length growth parameters. Berichte Inst.
f Meereskunde (Kiel) 55, 200 pp

Pauly, D 1978b A discussion of the potential use in population dynamics of the interrela-
tionships between natural mortality, growth parameters and mean environmental
temperdature 1n 122 fish stocks Intern Counc Explor Sea, C M 1978/C.21, Demersal
Fish Cttee | 36 pp (mimeo )

Pauly, D 19792 Gill size and temperature as governing factors in fish growth: A generaliza-
tion of von Bertalanffy’s growth formula Berichte Inst f Meereskurde (Kiel) 63, 156
pp

Pauly, D 1979b Biological overfishing of tropical stocks ICLARM Newsletter 2(3):3-4

Pauly, D 1979¢ Theory and management of tropical multispecies stocks' A review with em-
phasis on the Southeast Asian demersal fisheries ICLARM Studies and Reviews No 1,
International Center for Living Aquatic Resources Management,Manila, 35 pp

Pauly, D On the interrelationships between natural mortality, growth parameters and mean
environmental temperzture in 175 fish stocks | du Cons. Perm. Int Explor. Mer. (In
press )

Pope, } 1979 Stock assessment in multispecies fisheries, with special reference to the trawl
fishery 1n the Gulf of Thailand SCS/DEV/79/19, 106 pp.

Ricker, W E 1975 Computation and interpretation of biological statistics of fish popula-
tions Bull Fish. Res Bd Can 191, 382 pp

Ritragsa, S 1976 Results of the studies on the status of demersal fish resources in the Gulf
of Thailand from trawling surveys, 1963-1972. In: Proc. of the Intern. Sem. on Fish. Res.
and Theit Management in Southeast Asia, K. Tiews, ed, German Foundation for Inter-
national Development and FAO, pp. 198-223

SCS. 1978 Report of the workshop on the demersal resources of the Sunda Shelf. Part !,
SCS/GEN/77/12,51pp

171


http:1978,G.21

Sinoda, M_, S.M. Tan, Y. Watanabe, and Y. Meemeskul. 1979. A method for estimating the
best cod-end mesh size in the South China Sea area. Bull. Choshi Marine Lab., Chiba
Univ. 11:65-80.

172



Report on the Studies of Multispecies Systems in
Fisheries

Veravat Hongskul, Bangkok Department of Fisheries

Introduction

Classical studies of fisheries dynamics deal mostly with single populations
treated as if they existed independently. Fishery biologists have come to
recognize, however, that in many situations the fish stock cannot be so treated.
To asteadily increasing extent, modern fisheries are concerned with harvesting a
wide range of species living in the same body of water. The exploited populations
of interest are interdependent with others (which may be either exploited or
unexploited) through competition or predator-prey relationships. Any effect of
exploitation on one stock may produce a reaction in another, resulting in re-
adjustments in both populations, and invalidating the expected response to ex-
ploitation based on single-species dynamics.

The management problems arising from multispecies fisheries have been
recognized. Since yields of different species are maximized at different effort
levels and it is impossible to adjust the fishing effort to each level to maximize
the sustainable yield of all, some populations will be overfished and some under-
fished. In fact, it is likely that, in multispecies fisheries, species of lower produc-
tivity are progressively eliminated or pushed close to extinction as the fisheries
harvest the more productive species to the level of their supposed maximum
yield, as pointed out by Larkin (1977). The results of such changes on the stability
of the fish community are virtually unknown at present, although the effects of
the exploitation on species succession such as those in the Great Lakes (Smith,
1968) are expected.

The extension of coastal state jurisdiction up to 200 miles added a further
dimension to this complex problem. This action brought virtually all fish stocks
within coastal state jurisdiction. The first paragraph of Article 61 of the Informal
Composite Negotiating Text assigns the responsibility to the coastal states for
determining the allowable catch of living resources in their exclusive economic
zones. The problem of the principles that should be used in determining these
allowable catches immediately arises. The uncertainty of the genera! applica-
bility of the single-species models, the interactions among species, and also the
influence of environmental fluctuations are making it difficult, even for the
developed coastal states, to estimate the sustainable yields from the multistock,
multispecies, and multigear fisheries. Needless to say, the developing countries
with less capacity in fishery science have greater difficulties.

Therefore, a study of the dynamics of the multispecies system becomes im-
portant to the developing countries, while at the same time being of considerable

Reprinted from Interim Report of the ACMRR Working Party on the Scientific Basis of
Determining Management Measures, FAO Fisheries Ciscular No. 718 FIR/C718.
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value to fishery science in general. An Andreé Mayer Fellowship was granted to
the author by FAO with the objective “to study and develop models which would
provide the basis for a good undeistanding of events in a multispecies com:
munity that occur under exploitation and for deeper and more fundamental
study of the subject.” This objective should be met by: 1) identifying the required
statistics and other data necessary to undertake such studies; 2) identifying in-
formation on feeding habits and other behavior factors required to study the
species within the system; and 3) developing suitable theoretical models which
will take account of the direct effects of fishing on each species, and the interac-
tion between species.

This report presents a critical review of the existing multispecies models,
problems, and proposed program of field study that should be carried out in ac-
cordance with the terms of the assignment.

Multispecies Models

Despite the general concern, effort toward solution of what has been called
the multispecies problem has been diffused and uncoordinated. While consider-
able work has been done on the single-species system, very little work of value
has been undertaken on the effects of fishing ¢n muitispecies systems. In fact,
there is little evidence of a generally recognized concept as indicated by recent
meetings on the multispecies tisheries problems (Hobson and Lenarz, 1977; FAO,
1978). It may be because there are so many variations of the problems. A large
amount of recent literature on modeling abundantly demonstrates that a wide
variety of unexpected consequences can flow from what seem to be simplc
management strategies for these fisheries.

The first attempt was made on the multistock problem by Ricker (1958) and
later by Paulik et al. (1967) for salmon management where escapements were
known and could be regulated. The application of their work to other species
elsewhere is therefore limited. On the other hand, Rothschild (1967) and Pella
(1969) suggested stochastic models for multispecies fisheries in which there is
competition for fishing gear rather than among the species concerned, called the
“technological interaction” by Pope (in press).

For the interspecific interaction which is the crux of this problem, Larkin
(1956, 1963, 1966) pioneered the mathematical examination of the interactive
relationships for two species, in the form of Lotkva-Volterra equations. Silliman
(1969, 1975) employed these equations to investigate the interactions among
species and the resulting yields from analog computer simulations. He suggested
that the competition theorv may account for a substantial proportion of the
variation in the Pacific archovy biomazs. Pope and Harris (1975) also explained
the effect of interspecif.c competition between the South African pilchard and
anchovy stock comipiex based on a similar formulation. Many other attempts
were made along these lines, although few were applied to the actual fishery
situations. For example, Lord (1971) formuiated a general multiple-species pro-
duction model with interspecific interaction terms and performed some
mathematical analysis of the logistic form. However, there has been no attempt
to apply the modcl to an actual fishery. Nevertheless, one important feature of
such interacting population models emerged from these studies, as shown by
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Pope (1973, 1976}, Silliman (1975), and Horwood (1976). It is when two species
are interacting that the total yield from an interactive system would be lower
than the sum of the individual species MSYs The maximum attainable vield,
however, lies within a parabolic dome whose sides are defined by the loci of
species mortality rates generated by the fishenies For highly interactive fisheries,
the vield region s rather narrow and the toral yield is not much greater than that
whichwould be achieved by the fishery for either species separately

The third approach for the multispecies problem was taken by expanding
the basic interactive model into the “whole system’ or trophic-dynamic models.
By identifying the appropriate trophic assemblages (e g . indirect indices of the
degree of interaction and organization within fish assemblages, indices of
feeding success, growth and fecding relationships, metabolism, etc.}, tood in-
take, and biomass, the models of ti.= energctics of the natural populations were
constructed to predict the reactions of the system to changes in the structure of
*he populations and their environment Among these groups are those of Riffen-
burgh (1961, 1969;, Garfinkel (1967), Patten (1969), Parrish and Saila (1970},
Faloheimo and Dickie (1970), Saila and Parrish (1972), Regier and Henderson
(1973), Timin (1973), Stewart and Levin (1973), Hackney and Minns (1974), Pai-
rish (1975), Jones (1976), Andersen and Ursin (1977), and more to come. It is in-
teresting to note that, while emphasis on the ecological approach is made and
generally accepted, neacly all of these models are still in the experimental stages
with no applicability for the actual management or conscrvation of the species
under study It 15 apparent that attempts have been made to deal with the prob-
lems of energy flow and species diversity in natural communities However, the
problem of major concern to marine ecologists, as well as to marine fishery
biologists, 1s how to quantify and analyze the complex patterns of passage or
energy among fishes and other trophic levels in the marine environment. Testing
such theories in a natural setting is also extremely difficult and suffers from lack
of control on other exogenous tactors This stage can be summarized by a quote
from Patten (1969)

A defimtive rationale for ecological modelling has not beei invented yet. There 1s lit-
te agreement about what constitutes a valid model since all modelling is abstraction
and biologists are inchined to be concerned with realities Models having predictive and
analytical capabiities with real world relevance are an ultimate goal, but until
techmcal problems relating to the abstraction process are resnlved the greatest value of
dynami. ecological modelling is likel, to remain what it is at the present time—
heunstic

Nevertheless, in the author’s point of view, these attempts are encouraging
evidence that the multispecies problem is increasingly well recognized and is
aiready receiving much attention.

As a series of multispecies models were constructed and presented in the
past decade, certain questions arose: What do we expect frem these models?
What would be the criteria for good models, academic as well as practical, for
management purposes? It would be better to concentrate on the following ques-
tions to be asked of multispecies fisheries models:

1. Can an interdependent or interactive model be made to fit reality
reasonably well?
2. If the fit is adequate, what are the extrapolations for abundance and
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catches of species concerned?

3. What would be the mix of fishing efforts in these interactive fisheries that
would, without upsetting the ecological balance, optimize a) the target species
catch, and b) the combined species catcn?

4. For the possible mixes of {'shing effort, what are the projected catches of
the species concerned?

5. Can we affect pupulation abundance generally by the control of fishing
intensities?

6. If so, how delicate must this control be? For example, can we optimize
catch while maintaining ecological balance or are we likely to upset the
ecological balance with the slightest change in fishing intensity?

The closest model that can answer some of these questions is that of
Andersen and Ursin (1977), which was used for multispecies fish stock assess-
ment in the North Sea (Ursin, 1977). Regrettably, the great number of predeter-
mined parameters required, as well as many that have to be obtained from
simulations, make it less applicable to other fisheries, which have a short history
of fisheries and fishery research.

It is apparent that the success of multispecies models depends critically
upon the quality of the data set on which they are based. The available data
therefore dictate the choice and also the outcome of the models to be employed
for a particular purpose. Lack of appropriate data at a number of levels of
specificity and of tempnral and spatial scope, for both strategic and tactical pur-
poses, was pointed out as the main hindrance to progress in this field at both ex-
pert meetings on multispecies fisheries problems (Hobson and Lenarz, 1977;
FAO, 1978)

With this fact in mind, the autho- views the development of the multispecies
models as five levels of progression, which are outline J in Tabhle 1. At the most
basic level, Level 1, only some exploratciy work has been done, with little
fishing, but crude estimates of the abundance and nature of the existing com-
munities in the area, as well as of basic production, could be made to guide the
fisherv development schemes. When the fisheries have been in existence for
some time and catch and effort data become available from properly designed
fishery statistic systems,the fishery scientists could progress to the second level,
and estimate overall fish production and the optimum fishing effort required for
management. Most of the fisheries of the world are still at this stage, with 4
greater or lesser degree of satisfaction. The use of surplus production models has
been generally adopted for multispecies fisheries, with some adaptations to the
catch-effort analysis to suit the particular characteristics of the fisheries under
study (see Chikuni, 1976; Clark and Brown, 1975; Hongskul, 1975; Brown et al.,
1976; Pinhern, 1976; Halliday and Doubleday, 1976; Boonyubol and Hongskul,
1978). Of course, the validity of the use of this model without a specific study of
the interactions among the species presented in the area has heen criticized.
Nevertheless, as pointed out by Gulland (1976). the immediate day-to-day
management needs are to determine what is hagpening; i e, what the net effects
of changes in the amount of fishing (including the indirect effects through in-
teractions between species) are, rather than why and how these effects take
place. The main problem lies in the refinement of catch per unit of effort
analysis, particularly when the catchability coefficients change with the abun-
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dance of stocks, as suggested by Fox (1974), Garrod (1976), and Ulltang (1976,

1978).

Table 1. The development of multispecies models and their expectations at each progressive

level.

Level Progression

Data required

Expectation

1  Exploratcry

Standing crops
Primary production

Virgin biomass
Potential yield
Fish communities

2 Production models

Catch/effort
Fishing strategies

Overall MSY
Optimum effort

3} Biomass models

Mortality rates
Catchability coefficient
Biological parameters

Species TACs
Mesh regulations
Effort regulations

Management options
Effort control

Food web analysis
Plankton analysis
Life history

4 Interactive models

Overall production
Conservation

All-level productivity
Lcological coefficients
Energy transfer

5 Ecological models

Among fisheries in temperate waters where aging of fish is possible, the use
of Virtual Population Analysis (VPA) opens the door for the investigations on
variations of fishing mortality rates with age, as well as on the catchability coef-
ficients mentioned above. These additional types of information lead to the third
level of multispecies models, in which the changes in biomass of various species
are investigated and related to the catches. The interspecific interactions might
be revealed through the changes in the biomasses of interactive populations.
Some properties in the ecosystem such as replacement and species succession
can be studied, as shown by Smith (1968) and Daan (1978). Moreover, even the
effects of environmental fluctuations in fish production can be examined
(Doubleday, 1976; Lett and Kohler, 1976). It is rather unfortunate for the tropical
fisheries that this magic door remains closed to them because of the lack of
suitable aging techniques.

While practicing the applications of multispecies models at Level 2 or 3,
another group of biologists may reach Level 4 by examining the interspecific
relationships in the fish community. Analyses of plankton data and of early life
histories are indispensable to the understanding of the role of interspecific in-
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teractions, which occur more strongly during the larval stages than at other
periods of life. The classifications of major herbivorous and carnivorons
plankton, fish larvae, and juveniles according to their feeding habits will cer-
tainly throw light on the study of energetics in this ecosystem ia the long run. For
the adult fish, food web analysis, as presented by Maurer (1975, 1976) and
recently by Grosslein et al. (1978), served as examples for this approach. In the
short run, these studies are also of value in identifying and classifying the inter-
relationships among the major economically important species groups in the
fisheries The economic consideration may also serve as one of the criteria in
selecting groups for the study of interactions at this level.

Undoubtedly, it will take considerable time before one can gathei enough
information to investigate the dynamics of ecosystems. The details of Level 5
are beyond the scope of the present study. The only suggestion for the fishery
biologists (not for management) is to keep a close watch on the advances in the
field of ecosystem analysis so that relevaat information can be collected at the
proper time Observations and experiments relevant to this aspect should also be
encouraged for better understanding of the system under which the fisheries will
be operated on a iong-term basis in the future.

Application to Tropical Fishery Management

While the fisheries in temperate zones consist of a few exploited popula-
tions that have a long history of fisheries research which provide enough in-
formation to experiment with multispecies models, tropical fisheries suffer from
lack of data and numerous populations. The task of fisheries management in the
latter case becomes much more complex because of the varied social, econor.ic,
and politica! objectives that societies as a whcle can pursue. Unfortunately,
most of the developing coastal states that have new responsibility for the conser-
vation and management of fishery resources lie in the tropical region. The need
for practical management schemes for these multispecies fisheries is therefore
greater than ever

One must always bear in mind that management of tropical fisheries cannot
wait for the better data and the research required by a refined model, since the
fisheries are developing fast enough to overexploit the resources within a short
period of time Experiences from the trawl fishery in the Gulf of Thailand in-
dicated that the MSY was attained within only five years after the beginning of
the expansion of trawl fishing in the region. A similar phenomenon was observed
in the scad (Decapterus spp.) fishery of Thailand. The fishery biologists are
therefore assigned a difficult role in this dynamic situation; that is, to detect
changes in the state of stocks and diagnose them, with an awareness of the time
lags that are inevitable between the provision of advice based on scientific
analysis and the enforcement of regulations as they are finally adopted by the
fishery administration.

The difficulties of rational raanagement of these fisheries have been
recognized. The increased expectations of the coastal states to develop or ex-
pand the fisheries in their newly acquired exclusive economic zones and to invest
more heavily in fishing effort will eventually lead to a mutually destructive race
for both hiological and economic resources. The sophisticated multispecies
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fisheries models will not serve the needs of fisheries authorities concerned. An
alternative approach may be to Cevelop a down-to-earth model for diagnoses of
the state of the exploited stocks and advice on management measures such as ef-
fort control (direct or indirect) and control of the age or size at which tish are
first exploited (e g , mesh size regulation in trawl fisheries)

For the study of multispecies fisheries at the initial stage, the production
model as shown by Pope (1975, 1976) and Brown et al. (1976) has the great ad-
vantage of simplicity The experiments by Silliman (1968) and Lett and Kohler
(1976) as well as that of Doubleday (1976) also confirm the applicability of this
type of model to fisheries problems with multispecies interactions and en-
vironmental perturbations

Pope (1975, 1976) has extended this model into the mixed-species fisheries
problem as already mentioned He shows that, if a multispecies fishery con-
formed to this model and if the development of fishing effort on the system oc-
curred with a constant ratio between the efforts on difterent species, the form ot
the yield curve for total catch would be a parabolic function of total effort.
Theoretical consideration of two interacting fisheries, however, indicates that
the overall MSY would be associated with a particular species composition and
its achievement would depend on the composition of the actual catches being
matched to the “optimal” species composition. In other words, the general pro-
duction model does not necessanly indicate the MSY ot a complex. The true MSY
15 only hkely to be achieved by a very mixed—i.e., indiscriminate — fishery and
will result in a progressive change in species composition in the multispecies
system

While Pope’s interactive production model deals directly with the
multispecies fisheries problem and requires fewer parameters than would an
analytical multispecies model (e g, that of Andersen and Ursin), its use is limited
in practice, since it still requires a considerable number of par.meters For the n-
stock system, the parameters would be equal to (n+1)2-1, which makes it rather
difficult to apply to tropical fish communities. Pope (1977), however, suggested
an approximation for managing multispecies fisheries where the parameter
values are unknown by trying to achieve maximum yield by maintaining each
species at about half the level of its unexploited biomass. In practice, this is
equivalent to the strategy derived at Level 1 of the multispecies models de-
scribed earlier.

Pope (1977) also proposed an alternative method to deal with a complex
fishery by employing principal component analysis. He showed that tropi~al
multispecies fish stocks, at least in the Gulf of Tnailand, tend to support a fishing
effort which is not very species-selective. Therefore, there is a tendency for
fishing mortality rates to increase in a fairly constant proportion for each
species. The conditions for an overall yield curve to be applicable are therefore
broadly satisfied and the MSY given by an overall Schaefer curve can be used. A
principal component analysis of demersal catch rates along the Indian Ocean
coast of Thailand indicated similar results.

it is important to note that, without reliable estimates of catchability coeffi-
cients for the various stocks under exploitation or the estimates of fishing mor-
tality rates of each stock, the application of multispecies fisheries models for
management purposes is likely to remain at Level 2 for the time being. In the
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meantime, however, biological investigations of feeding habits throughout the
life history of major species, surveys on the abundance of plankton, eggs, and
larvae, and so on should be encouraged so that a better understanding of the in-
terrelationships among the exploited fish populations can be applied to higher-
level models in the future
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A YTentative Structural Modeling Approach to Some
Aspects of Small-Scale Fisheries Management

Saul B. Saila, University of Rhode Island

Abstract

The concept of applying sig 2d digraphs to the analysis of some types of
fisheries problems is introduced. Two examples, based on the application of
digraph methodology to fisheries problems associated with developing countries
in tropical latitudes, are provided. The advantages and limitations of the method
are demonstrated using these simple examples.

Introduction

The problems of managing tropical small-scale fisheries aprear to be
especially difficult, due in part to the high diversity of species and fishing
methods, and the paucity and low quality of data (both catci statistics and the
vital statistics of the important species). For example, Marr (1973) has pointed
out that the past performance of fishery science in helping fisheries of Southeast
Asia leaves something to be desired. Some of the data requirements for fisheries
management and stock assessment for marine fisheries in developing areas have
been summarized by Gulland (1976). Henderson (1976) has provided a review of
approaches to the assessment of fish resources in inland waters of developing
countries. From these reports it seems evident that there is still a need for explor-
ing alternative management methodologies which are relatively simple o apply
but which provide useful initial information on which administrators could take
preliminary management decisions. One of these alternative approaches is
briefly introduced in this report

A class of mathematical modeling techniques called structural modeling
has been developed to provide analytical tools for addressing holistic, partially
specified, complex systems. One of these structural modeling techniques is
graph theory, which is now being applied in social science, psychology, engineer-
ing, an1 physics Roberts (1976) has developed and described in detail the idea of
studying various biological, social, and societal problems by means of a
geometric methodology which has been termed ‘structural analysis.”” More
specifically, Roberts used the signed or weighed digraph as a mathematical
model to describe and analyze some of the above-mentioned classes of prob-
lems. Jeffries (1974) has used digraphs to model and test for ecosystem stability.
Saila and Parrish (1972) have applied graph theory to food webs, and Levins
(1975) and Lane and Levins (1977) have evaluated system stability by loop
analysis, which is also a structural modeling technigque.

The objective of this report is to provide elementary applications of digraph
methodology, with emphasis on the construction of signed digraphs and on the
analytical assumptions u: =d in drawing conclusions from these digraph models.
It is hoped that these applications will provide some indication of the contexts in
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which a digraph analysis might be usefully applied in developing fisheries and
suggest further application of graph theory. Much of what follows has been
freely adapted from the basic ideas and theorems put forth by Roberts {1976,
1978) and Jeffries (1974).

Digraph methodology is considered to be part of a geometric class of
methodologies for analyzing complex systems, as contrasted to the more con-
ventional arithmetic methodologies. The latter deal with specific numerical
values, tend to make precise time-specific predictions, and often seek to max-
imize or optimize certain specific quantities. The analytic (Beverton-Holt or
Ricker type) and stock production (Schaefer type} models of fishery science are
examples. Geometric methodologies, on the other hand, deal with shape and
structure. They require less detailed input, and they make general predictions
about qualitative trends. The specific time attached to a prediction is not con-
sidered as significant as the general nature of the predicted behavior. Some ex-
amples of cor.clusions which are considered to be geometric in nature include: 1)
a variable (the fishery) grows exponentially, 2) the level of the variable (the
stock) shows damped oscillations; 3) the level of a variable (the stock) exhibits
increasing oscillations; and 4) the system (fishery) is qualitatively stable; etc.

It is suggested that digraph methodology may be specifically useful in the
carly stages of a research or management project in developing fisheries, where
for a relatively small investment of time and resources the methodology may
help identify important variables and alternative management options, and
qualitatively evaluate these options. Digraph methodology seems especially ap-
propriate for decision-makers, because the method is graphic and easy to inter-
pret with relatively little formal background.

In general, the method attempts to relate geometric conclusions about pat-
tern or shape to structural properties of complex systems. Other applications and
developments in structural modeling include Kane (197 1) and Kane et al. (1973)
for management decision-making in other disciplines. The properties and limita-
tions of several structural modeling techniques have been reviewed by Cearlock
(1977).

Fishing Industry Model! lllustration

Some elements of the fishing industry of Penang and Kedah, Malaysia,
based on information obtained from Munro and Loy (1979) as well as some
observations made during a visit to Malaysia by the author are utilized in the ex-
amples that follow. First, an attempt is made to madel some of the factors lead-
ing to a stagnation in the number of traditional inshore fishermen in these areas.
It should be appreciated that the material which follows is presented as an ex-
tremely simplified example for illustrative purposes, but one which is based on
some elements of reality.

In this example, only five variables considered relevant to the problem of
stagnation in the inshore sector are utilized. These are the population of tradi-
tional inshore fishermen (P), the demand for fish (D), the traditional inshore sec-
tor manpower input to the trawier fishery (TMI), the inshore sector manpower in-
put into the traditional mixed fishery (I1Ml), and the catch per unit effort of fishes
affected by the trawier fishery (Y).
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A diagram is drawn in which each of these variables is represented as a point
or dot. An arrow is drawn from point x to point y if a change in x has a significant
effect ony The result of the connections of the dots by lines is a diagram such as
the one illustrated in Figure 1for the example mentioned previously. It should be
noted that Figure 1was constructed under several assumptions: The trawl fishery
is considered to be in a condition of high exploitation with a negative effect on
CPUE of increased effort. The population of traditional inshore fishermen is
assumed to be uncontrolled by any outside measure The effect of the demand
on CPUE is ignored but the effect of CPUE on demand is included.

Figure 1 has a sign (+ or -) on each arrow. A plus sign (+) means that a
change in x has a augmenting effect ony The effect is augmenting if an increase
in x leads to an increase iny and a dec:ease in x leads to a decrease in y. The ef-
fect is inhibiting if an increase in x leads to a decrease iny and a decrease in x
leads to an increase iny. In Figure 1, for example, the arrow from P to D is +,
because an increase {decrease) in population leads to an increase (decrease) in
demand for fishing activity A digraph consists of n points or dots together with
from zero to n? connecting directed lines. The diagram in Figure 1is termed a
signed digraph for reasons indicated above. A signed digraph with n points may
be associated with any n x n matrix, using the signs of the non-zero entries in the
matrix.

Figvse 1. A simple signed digraph model of the effects of the trawl fishery on the population
of traditional inshore fishermen based on some observations from a local Malaysian fishery.

It is useful to identify cycles in digraphs. Cycles are found by following ar-
rows around until they return to the starting point. There are four simple cycles in
this figure. They are: 1) Pto D to TMIto CPUE to P; 2) PtoD to TMIto P; 3) P to
D to IMl to P; and 4) D to TMI to CPUE to D. A sign (+ or -) can be associated
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with each cycle. The sign is plus (+) if there are an even number of minus signs
on it, and negative (-) otherwise In Figure 1, (P, D, TMI, CPUE, F) and (P, D, IM},
P) are positive, and the simple cycles (P, D, TMI, P) and (D, TMI, CPUE, D) are
negative. Jeffries (1974) has more formally defined a “p-cycle” in a digraph as a
set of p distinct points through which a circuit may be traced by following p
directed lines.

Cycles indigraphs correspond to feedback processes, and the sign of a cycle
gives the sign of the feedback For example, the sign of the longest cycie (P, D,
TMI, CPUE, P) corresponds to positive feedback. An increase in the demand for
fish leads, via this cycle, to increased manpower input for larger trawlers, to a
decrease in the catch per unit effort in the demersal fishery, and to some decline
in the pupulation of traditional fishermen in the inshore sector Further increases
in the demand for fish l2ad to further pressures for change in the same direction,
which is a loss of traditional fishermen in this case. The feedback loop (P, D, IMI,
P) is also positive. However, in this case the demand for fish leads to increased
manpower requirements in the traditional mixed inshore fishery, which promotes
an increase in the population of traditional inshore fishermen. The other two
cycles have negative signs In a geneial way, too much positive feedback in a
system can lead to rapid growth in a positive or negative direction, and it can
cause instability in the system. Note that in this case the two positive cycles tend
to offset each other somewhat, since one leads to continuous decline and the
other to continuous growth. These two processes operating simultaneously may
account to some extent for the stagnation condition of the traditional fishery in
this example. The cycle (P, D, TMI, P} is negative, because the demands in man-
power for the trawl fishery are generally not met by the traditional inshore
fishermen. In this digraph, no effect of increased effort by the inshore sector on
the catch per unit effort or demand for fish is postuiated because of the more
diverse nature of the inshore fishery. In a general way, negative feedback can be
stabilizing

The construction of a digraph, such as the one illustrated in Figure 1, and the
identification of cycles and their signs, is a simple example of model construc-
tion and analysis of the geometric type. The conclusions from such a model are
purely qualitative in nature However, the understanding and identification of
feedback loops in such a model can lead to better understanding of some of the
processes inducing stability or instability. Furthermore, if a signed digraph is
regarded as a reasonable model for a system, and if it is desirable to explore
potential strategies for modifying the system, then modifications of the signed
digraph may help in discovering strategies to change the system. Changes in the
signed digraph may include the addition or deletion of points (variables), the ad-
dition or deletion of arrows, and/or changes of sign. Each of these changes
(alone or in combination) corresponds to a potential strategy. For example,
deleting the arrow from TMI to CPUE is a strategy for dealing with the reduction
in traditional inshore fishermen. It breaks up a positive feedback loop which is
leading to increased losses from the inshore sector. This strategy corresponds to
putting some constraints on the trawler industry by limiting expansion in the in-
dustry only to the point where negative effects on the CPUE are not significant.
Another strategy would be to change the sign of the arrow from TMI to P. This
would indicate that the recruitment of fishermen to the trawl industry takes
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place only from the traditional instiore pool of fishermen instead of from outside
sources.

Generally, a systematic analysis of various structural changes in a signed
digraph leads to some nonsense strategies, or strategies which are impossible to
implerrient, but it can also lead to potentially interesting strategies in some in-
stances. For detailed analysis, the latter strategies should then be modeled using
other, more rigorous techniques.

Structural Community Model

Jeffries (1274) has demonstrated that an ecosystem is qualitatively stable
when it is possible to conclude that the system is stable on the basis of
qualitative effects of member species on each other. He extended May’s
necessary but insufficient conditions for qualitative stabilit to sufficient condi-
tions using signed digraphs.

In the same report, Jeffries also defined a predation community, a concept
believed by this author to be useful in considering the effects of various exploita-
tion strategies on localized multispecies fish populations, such as might be found
in tropical latitudes. To effect some parsimony in the model, the term “'species”
is used very loosely in this report. It is applied both to individual species as well
as to species groups (guilds), which are defined as groups which utilize similar
environmental resources in a similar way. The guild concept has been defined
and utilized by Sale (1975) in studying tropical reef fishes. In Jeffries’ definition,
if two species are involved in a 2-cycle, using the previously given definition of
cycles, and if the 2-cycle involves a + line and a - line, then the species may be
regarded as predater and prey. The species are then said to be related by a preda-
tion link. Associate with a fixed species all other species, if any, to which that
species is related by predation links, and so on. The maximal set of all species so
related to the first species and containing it is called the predation cornmunity. A
single species not connected by a predation iink to any other species is also
called a predation community, albeit a trivial one. In this manner, any digraph
may be partitioned into predation communities. Jeffries (1974) has also detailed
certain qualitative stability conditions for signed digraphs, and these are con-
sidered further by Jeffries et al. (1977), as cited by Roberts (1978).

In community ecology, a predation community has usually been
represented by a system of ordinary differential equations of the form

dxi n
=2 a x

deo =10 M
where ajj is the community matrix, and where (0,0,...,0) represent the equilibrium
state of the population levels (x; ). The variables (xj) represent the difference
betweer population levels and the given populatlon levels at equilibrium. The
matrix ajj is called stable if the real part of every eigenvalue of ajj is negative. In-
stead of performing this analysis, the results from Roberts (1978) are followed,
and the stability of the community matrix described by Equation (1) is examined
simply from a graphical analysis of the sign pattern of the matrix.

A simple predation community is illustrated in Figure 2. In this figure, the
predation community is developed from some results of studies of demersal fish
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resources in the Gulf of Thailand (Ritragsa, 1976) and from the author’s specula-
tions concerning predator-prey relations in the fishery. The community utilized
for this figure contains four species groups and man as a predator. The squid
population is assumed to be very lightly exploited, with the result that it is not
self-regulating. The other predator-prey relations are postulated and serve
primarily for illustrative purposes.

1w
2B 5B 4B
SB
D GA
A

figure 2. A signed digraph Da and graph Gp of a system consisting of a predation com-
munity based on some segments of the trawl fishery in the Gulf of Thailand. The numbered
vertices are assumed to correspond to the following: 1) squids, 2) Leognathidae, 3) man, 4)
Mullidae, and 5) Sciaenidae

A matrix ajj associated with the signed digraph Uy of Figure 2 is shown
below:

0 0 1 0 0
0 -1 1 0 0
-1 -1 -1 -1 -1
0 0 1 -1 0
0 0 1 0 -1

Although it is possible to demonstrate directly whether the matrix is stable
by determining if every eigenvalue of the matrix has a negative real part, this is
computationally tedious, especially for the larger matrices. A graphic alternative
prepared by Jeffries et al. (1977} is illustrated.

A graph G 5 may be associated with the matrix a;;. The vertices of G 5 are the
rows of ajj and there is an edge between rows i and j, if and only if i # j and both

188



aj; # 0and ap # 0. The graph G , of the matrix illustrated above is shown on the
right side of Figure 2.

Let
RA= (i:aii#&O),

In this examgle, the set R A consists of the vertices 2, 3, 4, and 5. Now color
the vertices of ¢ - using o colors, white and black, in such a way that the
following conditions are satisfied: 1) every vertex of R is black; 2) no black
vertex has precisely one white neighbor; and 3} every white vertex has at least
one white neighbor. Such a coloring, if it exists, is called an R coloringof Ga.

A matching of a graph is a set of pairwise disjoint edges of the graph. If Sis a
set of vertices in a graph G, an S complete matching is a set, M, of pairwise dis-
joint edges of G, such that all vertices not covered by the edges in M are outside
S. Thatis, S = V-Ra.

Jeffries’ theorem quoted in Roberts (1978) is as follows. An n x n real matrix
A is sign-stable if and only if the following « nnditions hold: 1) each loop in the
signed digraph Dp is negative; 2) each cycle of length 2 (a 2-cycle) in Dp is
negative; 3) DA has no cycles of lengths larger than 2; 4) in every Ra-coloring of
the graph G4, all vertizes are black, and ) Ca has a (V- Rp)-complete match-
ing.

In our example of Figure 2, an R 5 coloring of G4 does not exist because
criterion 2 of the black-white coloring is not met. Thus, condition 5 of Jeffries’
theorem does riot hold The simplest way to satisfy these criteria is to introduce
self-regulation into the matriv by changing the first diagonal element from 0 to
-1. It is assumed that this self-regulation would be achieved by increased fishing
pressure on the squid resource. Other alternatives for sign stability were not con-
sidered due to the restrictive nature of Jeffries’ theorem.

Conclusion

Although these applications of signed digraphs are considered very simple,
they may help to intreduce the use of signed digraphs in fisheries management.
They also suggest possibilities for more realistic future studies with structural
models. Since this report, Flake (1980) has added considerabiy to these
possibilities.
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Commentary

Saul B. Saila, Co-Editor

The following material represents an attempt to abstract and list some of
the relevent comments and observations made by various workshop participants
during all the discussion periods and sessions of working groups. It has been con-
densed and edited from tape recordings taken during the workshop and from the
notes of various workshop rapporteurs. The editors acknowledge with gratitude
the active verbal dialogue by the participants and their valuable suggestions and
cominents. The editors assume full responsibility for the errors or omissions,
which we believe are inevitable in an undertakitig of this nature. We also
apologize for the cryptic nature of this section, which results from attempting to
minimize redundancy. The authors of the various comments are identified to the
extent possible, but the comments are not necessarily listed in the sequence in
which they were made. Items listed without authorship were included if they
were judged to have contributed to the session and to overall wcrkshop objec-
tives.

1. Vincent Adebolu ™. seniy

A major v ublem in fi wries management in Nigeria is government
bureaucracy “nother 1v1  lack ot transport for fisheries products. Still
another is the «st'le 2ttt e of the fishermen themselves.

Nigeria is making ...« of fishery extension workers ana of public media,

including television and radio, to provide some level of public education.

2. Ibrahim Mohammed (Malaysia)

In Malaysia there is a unique marketing system. A few hundred mid-
dlemen control the system, and all fishermen must work through thern.
There are two or three fishing ports with proper facilities; otherwise, fish
are landed at the piers of the middlemen.

Th=re is considerable difficulty in obtaining accurate catch statistics,
Boats are unloaded at the middlemen'’s facilities, on the beach, cr at sea
onto vessels from Singapore.

tnforcement is generally poor. Many trawlers are unregistered. The
government has attempwed to centralize landings, but the fishermen ig-
nore the government’s landing facilities because of threats from the mid-
dlemen. This situation may be prevalent in other countries. How can it be
handled?

No taxes are levied on the fishermen. However, they are afraid to report
their catches accurately because they might intime be taxed.

A government survey is being conducted on a) resources and research
abilities; b) legal aspects (including the crossing ever of fishermen from
one state into the waters of another); c) fishery technology infrastructure;
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d) marketing and postharvest loss, and e) socioeconomic problems of the
fishermen.

Question from Daniel Pauly. Malaysia is the only state with a program
for shifting the artisanal fishermen out of fisheries to other forms of em-
ployment. This is believed to be a desirable practice. Answer. We are
opening up new agricultural land in former jungle areas The fishing
villages tend to be closely knit coramunities, with the children of artisanal
fishermen going into fishing themselves, and with the power of the mid-
dlemen continuing strong in the villages. One problem Malaysia has is
that it cannot develop large trawlers because these would compete with
the nearly 80,000 artisanal fishermen.

G. Winston Miller (Belize)

Belize has about 1,500 commercial fishermen, 1,400 of which are
members of cooperatives. These cooperatives simplify the management
problems.

The more one interacts with the fishermen, the better the data
obtained from them.

A real problem in Belize is that of enforcement, particularly with
respect to the independent fishermen Much of the enforcement effort is
directed toward the middlemen

The cooperatives are allowed to export, but a small percentage of the
lobster and conch are retained to be sold at low (subsidized) prices on the
local market. The MSYs for lobster and conch are determined on a na-
tional basis, and then quotas are assigned to the various cooperatives.

Fishermen in Belize ternd to concentrate on lobster and conch, and to
ignore other species, such as {infish and mangrove oysters. Belize has no
fishmeal plant.

North of the capital are full-time fishermen; to the south are part-time
fishermen, many of whom do not belong to the cooperatives.

Question from David Stevenson. What criteria should you apply for im-
proving small-scale fisheries management? What information do you as an
administrator need from the biologists? Answer. We need information
both on the biology of the fisheries and on cultural aspects of the
fishermen.

Soloncv Cordeiro de Moura (Brazil)

Specific problems in Brazil related to the fisheries and to general
ecosystem studies inclure:

a. There is much emphasis on large-scale fishery research, very little work
on the small-scale fishery.

b. Small-scale fisheries are scattered all along the coast; the types of
operations vary and data collection is difficult.



6.

c. Data analysis requires the training of peogle.

d. There is a need tr. change the behavior of investigators so that they
spend less time un issues of academic interest, more on applied aspects
of the fishery

e. There is competition for the same resource between large-scale
fisheries and small-sc.le fisheries, especially with regard to shrimp and
Icheter

. There is application of experience gained in large-scale fisheries to the
small-scale fishery This type of application may not be valid, and more
experience is needed in smail-scale work

. Hongskui (Thailand)

There is a great need for information to guide management and invest-
ment decisions at the earliest stages of a fishery's developmen:. Overex-
ploitation can occur within a few years, and extensive data collection and
analysis may take too long to provide timely answers. Developing coun-
tries need specific advice on objectives and data r.eeds.

Available models include simple models depending on bioraass
estimates, but more sophisticated models addressing multispecies inter-
relationships need more data and are less well develoned. Interactive
models, dealing with predation and competition, are generally simula-
tions with little or no biological explanatory value Energy transfer
(trophic level) models have received attention, but there has been littie
success in modeling the complex relationships in the tropics.

Caution should be exercised with meihodologies which are too “qt.ick
and dirty” and lead to long-run policies which cause serious economic and
social repercussions.

Henry Regier (Canada)

Empirical modeling should be considered an aid to advancing stock
assessment. Specifically, it is possible to focus on refationships between a)
stock vyields, and b) abioti: and biotic environmental - aciables in
homogeneous freshwater systeins One often-used indepenc’2nt variable is
the ME! (morphoedaphic index), the total dissolves solids divided by
mean depth. Other biotic variables which explain some variation include
primary production and bottom standing crop. While this approach is a
good first-order assessment, actual values fall as much as a factor of + 2
from predictions.

Drainage basin size is a key variable in explaining river yields. Ex-
planatory variables are chosen from those historically identified by
biologists as important. Components of a community (e.g., predator-prey
ratios) can be incorporated into this framework. Analogous work should
be done in the environments of tropical small-scale fisheries.
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Lee Anderson (U.S.A))

A distinction between fish biology and fisheries management biology
can be made, and the essence of the workshop and the nature of AID con-
tributions to deveioping nations is broader than stock assessment and ex-
tends to formulation of management plans. Management is also con-
cerned with the costs of harvesting fish, costs of management, socio-
cultural characteristics of resource users, etc

Most important in addressing fisheries management is the formulation
of objectives, which should be operationally stated so that a) research
may be directed toward achieving the objectives, and b) measures of suc-
cess can be evaluated

Since objectives can conflict, it is important for managers to be willing
to weigh criteria, or to choose to optimize one criterion given minimum
acceptable constraints on the others

The ranking of sources of information for achieving objectives of
management depends on the objectives and the socioeconoinic environ-
ment. For example, prices are clearly important pieces of data because
they give relative species values, but sociological data are more important
in cultures where fish are not exchanged in the market. Qther data are im-
portant for regional development or balance of trade objectives

Bruce Rettig (U S A )

In choosing among alternative techniques fcr assessment, a diverse ap-
proach (best mix) is perhaps preferable Also, benefit-cost analysis of dif-
ferent assessment techniques would be useful because of the high op-
portunity costs of resources (e.g., energy, human capital) used in stock
assessment.

Stephen Malvestuto (U.S.A)

In designing a sample survey, it is critical to integrate into the design
the support capabilities of the developing country Biological, hydrolog-
ical, and cultural aspects must be considered in designing an effective and
efficient sampling plan. All facets of assessment should be, as much as
possible, done in cooperation with the local agency.

10. Donald Bevan (U.S.A)

There is a general need for better fishery statistics; even in the U.S.
Pacific fisheries, estimates of effort are universally bad.

11. Brian Rothschild (U.S.A)
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We need to understand the relationship between the information
needed to manage small, medium, and large fisheries. Particularly, we are
now concerned with a) variability in stock size (recruitment); b) multiple
species; and c) how to link the biological stock considerations with
economic and social considerations.



The research question is: Are we satisfied with the state-of-the-art? And,
if not, what can we do about it? How can the developing countries par-
ticipate?

Probiem Areas and Discussions Related to Them

Problem

There is a notable lack of effective structure for information flow from fishery
biologists to planners and policy makers.

Discussion
Somciimes administrators do not listen to the advice of scientists. in many in-
stances, the administrators don’t know what questions to ask of the scientisi.

In many cases, the scientist must provide both question and answer, but he must
be careful to define those questions which are likely to be fruitful.

Few of us like to disclose our ignorance by asking questions. An employer may
even be loath to ask a question of his employee for fear of losing face. These
problems of communication are deep, perhaps deeper than we realize.

Some improved mechznisms for a more effective information transfer ought to
be considered

It is importan® that the fishery biologist be questioned (and listened to) by the
policy maker early on in any decision- making process.

Effective communication between the fishery biologist and other professionals in
a planning team before the inception of a program would be the ideal situa-
tion.

Preblem

Economic and socio-cultural aspects of small-scale fisheries have been inade-
quately considered.

1. Economic Aspects
a. Tke test of Title XIl activities is the extent to which the well-being of
small-scale fishermen and poor consumers is improved.

b Data is generated from biological and economic concepts made
operational. Whether good or bad, it, in turn, feeds into a decision-making
process (rational to cautiously suboptimal).

c. Therefore, the process through which the data is transformed into
information and information into decision-making, as well as the data itself
(trom the capture sector and resource assessment), must be examined
critically.

Discussion

A model is an idealized expression of reality. Few are experts in more
than one modeling approach. The right model will emerge in the market place
of ideas over time.
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Q. Do multispecies units like guilds present problems for the economists? A
Some. The value placed on the r:atch becomes clouded as the makeup of
the catch changes with exploitation. These appear to be surmountable

problems.

2.Socio-Cultural Aspects

a. There are socio-cultural preconditions to utilizing the information available

onsite; e.g. that held by fishermen.

b. Focusing on the act of data collection, we see the need to (1) engender
trust; (2) show clear intent; (3) indicate utility to fishermen: (4) use proper
code (language), setting, vehicle, opinion leader, etc. For example, research
shows that thz local taxonomies of species are complete, complex, and

repeatable.

Discussion

information from fishermen can be difficult to obtain and biased. However,
there is a great amount of historical information held by fishermen; it is expe-

dient to use it.
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